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FOREWORD 
Need for the Handbook 


A computerized mineral inventory system to help the United States Government ap- 
praise critical shortages of materials has been eatablished. This involves evalua- 
tion of mineral deposits using the Bureau of Mines Minerals Availability System 
(MAS). The MAS is concerned with costing mineral occurrences where it is unknown, 
if they can be mined and/or processed at a profit. Therefore a consistent function- 
al method of costing both mining and mineral processing is a requirement of the fin- 
ancial analysis phase of MAS. The objective of this handbook is to develope a man- 
ual method for preparation of feasibility type estimates for capital and operating 
costs of mining and primary mineral processing of various types of mineral occur- 
rences using state-of-the-art technology. 


Use of the Handbook 


This handbook has been developed for a user with knowledge and experience in 
both mining and estimating procedures. The user should not use this handbook to try 
to determine the cost of any single component of a mining or mineral processing sys- 
tem. The combination of components will produce a reliable feasibility type esti- 
mate which should fall within 25 percent of expected actual cost. The estimated 
values from the use of the handbook are not intended to duplicate any specific mine- 
ral producer's capital or operating costs. Individual component costs may vary. 
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BUREAU OF MINES COST ESTIMATING SYSTEM HANDBOOK 
(In Two Parts) 


2. Mineral Processing 


Compiled by Staff, Bureau of Mines 


ABSTRACT 


This Bureau of Mines report and its companion report (Information Circular 9142) 
have been prepared to assist in the preparation of prefeasibility type estimates 
for capital and operating costs of beneficiation of various types of mineral occur- 
rences using current technology. The handbook provides a convenient costing proce- 
dure based on the summation of the costs for the unit processes required in any par- 
ticular mining or mineral processing operation. 


The costing handbook consists of a series of costing sections, each correspond- 
ing to a specific mineral processing unit process. Contained within each section is 
the methodology to estimate either the capital or operating cost for that unit pro- 
cess. The unit process sections may be used to generate, in January 1984 dollars, 
costs through the use of either costing curves or formulae representing the prevail- 
ing technology. 


The mineral processing handbook includes individual cost estimation sections for 
unit operations associated with comminution, beneficiation, solid-liquid separation, 
hydrometallurgy, and special applications as well as infrastructure and plant gene- 
ral and administrative costs. When using this system for estimating cost data for a 
mineral processing facility or for checking or verifying processing costs from an 
existing facility, a minimum amount of background information is necessary. 


INTRODUCTION 


The Interior Department's Bureau of mines systematically measures and classifies 
identified domestic and foreign mineral resources according to their respective ex- 
traction technologies, economics, and commercial availability. To this end, the Bu- 
reau collects data on major mines and deposits worldwide and uses these data in est- 
imating and monitoring production costs and availabilities for 34 strategic mineral 
commodities. The estimation of production costs includes such items as capital ex- 
penditures and operating costs for mining and mineral processing operations, as well 
as transportation and infrastructure costs. A consistent method of costing is a re- 
quirement for such analysis. The cost estimation system (CES) has proven invaluable 
to the Bureau's work in this area. 


The CES handbook was developed in 1975 to assist in the preparation of prefeasi- 
bility type estimates for capital and operating costs of mining and beneficiation of 
various types of mineral occurrences using current technology. The system provided 
a convenient costing procedure based on the summation of the costs for the unit pro- 
cesses required in any particular mining or mineral processing operation. This edi- 
tion of the handbook is essentially a revision of the earlier effort, updated to re- 
flect the costs of technologies employed as of January 1984. To provide continuity, 
the numbering system used in the original handbook has been retained. 


The following are the 34 strategic commodities targeted for coverage by the up- 
dated handbook: 


Aluminum Cobalt Hafnium Mercury Rare earths Titanium 
Antimony Columbium Iron Molybdenum Silver Tungsten 
Asbestos Copper Lead Nickel Sulfur Zinc 
Barium Fluorspar Lithium Phosphate Tantalum Zirconium 
Beryllium Gold Magnesium Platinum Thorium 

Chromium Graphite Manganese Potash Tin 


The updated edition of the CES handbook consists of this Information Circular 
(IC) on mineral processing and IC 9142 on surface and underground mining. 


EVOLUTION OF CES 


The first edition of the Bureau's Capital and Operating Cost Estimating System 
Handbook was prepared by STRAAM Engineers, Inc., Mining Division, under contract 
J0255026. The handbook was developed for use by individuals with knowledge and ex- 
perience in both mineral engineering and cost estimation. The handbook was designed 
to produce a reliable prefeasibility type estimate, acurate to within 254 of the ex- 
pected actual cost. 


The first edition was introduced in 1975 and, accordingly, the costs therein re- 
flected 1975 technology. In the decade since the introduction of the handbook, con- 
siderable technological change has taken place and mining and mineral processing 
costs have been significantly affected. Further, other important developments such 
as decreasing metal prices, rising labor costs, and environmental restraints have 
resulted in a series of austerity measures effected by the management of many mine- 
ral operations. In view of these considerations, a complete revision of the hand- 
book was warranted. 


In order to ensure adequate coverage of the 34 strategic commodities by the 
CES, it was necessary to reevaluate each cost section from the 1975 version of CES 
and also to develop a considerable number of new unit processes sections. The task 
of updating and revising the manual was assigned primarily to three Bureau groups. 
The Intermountain Field Operations Center (Denver, CO) was assigned the 
responsibility of providing updated replacement sections for the majority of the 
surface mining and mineral processing unit operations contained in the original 
manual, while the Western Field Operations Center (Spokane, WA) held primary 
responsibility for updating and supplementing the sections for underground mining. 
Additionally, several new mineral processing unit operations were provided by both 
field centers. Finally, 29 completely new unit operations sections were prepared 
by Pincock, Allen and Holt, Inc. under contract JO245002. The entire update 
project was coordinated by the Minerals Availability Field Office (Denver, CO). 


The CES handbook consists of a series of costing sections, each corresponding 
to a specific mining or mineral processing unit process. Contained within each 
section is the methodology to estimate either the capital or operating cost for 
that unit process. The unit process sections may be used to generate costs through 
the use of either costing curves or formulas, depending on the option of the 
estimator. The cost curves are typically presented on a logarithmic scale of cost 
versus capacity and the corresponding cost formulas are (usually) of the form Y = 
A(x), where X and Y represent the independent and dependent variables of size or 
capacity and cost, respectively. For the operating cost formulas and graphs 
presented for the various unit process throughout this handbook, the Y subscripts 
L, S, and E indicate labor, supplies, and equipment operation, respectively. All 
cost estimation methodologies contained in this manual have been prepared in 
January 1984 dollars and represent the prevailing technology at that date. None of 
the curves or equations in this handbook contain allowances for property and/or 
inventory taxes, general insurance or depreciation. 


The reader will notice that all cost equations and curves are linear, logarith- 
mic, or exponential, and that associated with each cost section is a range of appli- 
cability. The data obtained within these stated limits are reliable, but the same 
cannot be said for costs obtained by extrapolation outside of these limits. In most 
cases, the upper and lower limits encompass production parameters for actual mining 
and mineral processing operations used in the preparation of the unit process sec- 
tions with values beyond tending to fall outside the range of current technology. 


The data used in the development of this handbook was derived from information 
gleaned from a number of sources including industry contacts, equipment suppliers 
and vendors, Bureau files, and Government contractors. The major steps involved in 
the development were essentially the same for all unit processes, and involved the 
following progression: 


1. Accumulation of data relating to each unit process through literature re- 
view, industry contacts, equipment vendors, etc., to provide the data base for deve- 
lopment of the capital and operating cost estimates. 


2. Determination of the types of the equipment for the unit process used in in- 
dustry as of January 1984, and the establishment of the range of capacities for 
which the unit process is employed. 


3. Selection of a minimum of three capacity data points for detailed cost ana- 
lysis and subsequent preparation of a bottom-up cost estimate for each data point. 
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The majority of the data points corresponded to a capacity of an existing operation. 
In isolated cases where an existing operation of appropriate capacity could not be 
located, or because of insufficient data, the costs for an operation were modeled 
from the other estimates. In all cases, the limits of applicability stated for each 
section are within 154 of the maximum and minimum data points, respectively. 


4. Calculation of the costing formulas and drafting of the cost curves. Gene- 
rally, the costing formulas were derived through geometric regression analysis of 
the cost estimates prepared for each capacity, although a few curves are linear or 
exponential. 


5. Verification of the cost formula through comparison with actual data. The 
total facility costs projected by the handbook have been demonstrated to fall with- 
in the limits of a prefeasibility estimate (i.e., within plus or minus 254 of actual 
costs). 


METHODOLOGY 


The CES handbooks for surface and underground mining and mineral processing are 
each divided into three major sections. The first of these sections, capital costs, 
involves the construction of the mine or mineral processing facility. The second 
section, operating costs, allows for the computation of the operating labor, sup- 
plies, and equipment operation of an existing or hypothetical operation. fThe last 
section, infrastructure, contains cost equations and curves for an assortment of in- 
frastructure items. 


Each cost generated by use of the costing handbook may be broken down into its 
respective subcomponents. A brief discussion on this aspect of the costing system, 
as applied to capital and operating costs, follows. 


Capital Cost 


The capital cost estimates were prepared to correspond to the actual range of 
capacities for which the unit processes are employed in industry. Detailed cost 
estimates were prepared for a minimum of three separate capacities covering this 
range. For the capital cost estimates, each unit process estimate was composed of 
the construction labor cost, the construction materials cost, a purchased equipment 
cost, and the cost of transportation. Each capital cost section gives a breakdown 
of these four components as a percentage of the total fixed capital cost for the 
unit process. 


Modest contingencies, generally ranging from 5% to 10%, were applied to cover 
incidental items not specifically addressed in the estimates for some of the capital 
cost sections. However, it must be stressed that this contingency was applied only 
in areas where there was a degree of uncertainty on the part of the evaluator pre- 
paring the cost section and it must not be inferred that an overall blanket contin- 
gency has been applied. 


Construction Labor 


Construction labor costs were estimated from worker-hour requirements for each 
unit operation for each capacity studied. Average labor costs were determined from 
local union wage rates for a variety of job classifications common to mineral indus- 


try construction. The average labor wage rates applied to the worker-hour estimates 


include labor burden and fringe benefits of 21% of the base wage rate. For this 
analysis, the construction labor burden and fringe benefits have been assumed to in- 
clude the employer's contribution to union funds for health and welfare, vacations, 
holidays, sick leave, retirement, Social Security (FICA), Federal Unemployment In- 
surance, (FUI), State Unemployment Insurance (SUI), and Workmen's Compensation. 


A shift adjustment factor has been included in some of the capital cost estima- 
tion sections for mining, since it is conceivable that certain operations may oper- 
ate either one or three shifts per day. Since the base case sections were designed 
for two-shift-per-day operation, it was necessary to include a mechanism for adjust- 
ing the cost per day total for an alternative operating schedule. The job classifi- 
cations and associated base wage rates used in the computation of the construction 
labor component of the capital costs are presented in Table 1. 


Table 1.--Construction labor job classifications and hourly wage rates 


Job Wagel 
Boi Penmake rs, iOUPNE YMA Tc:< sislels io twleteseveleelele'elsidcele $21.00 
Boilermaker, apprentice. ccccccccccccccccccsece 7832 
Carpenter, journeyman. cecccccccccccccccccccce 20.50 
Carpenter, apprentice. ccccccccccccccccccccccs 15.89 
Concrete finisher, journeyman....cccccccccccee 21.40 
Concrete finisher, apprentice. ccccccrccccces 15.88 
Electrician, jOUrneyMan. ccccecccccccccccccces Zed L 
Electrician, apprenticeececcccccccccccscccccs 12.71 
Equipment Operator. cecececccccccccccccccccces 1931155 
Equipment operator, apprenticeecceccccvccccece 15.80 
Ironworker, jJOUrMEYMAN. eccccccccccccccccccces 22.08 
Tronworker, apprentice eccccccccecccecsccccvese 16.01 
LADO TGs siete cle clelalesats ov elels a isietelelciisle cia leietaleleleteters els 27d: 
Millwright’, journeymaniess ccs ccies celslecicecccve 22 252 
Millwright, apprentice .ccecccccccccccccccccce 17.27 
Painter PM jJOUrNe MAN vic 6 cic ie'c clc'sle's slelsietele'els lee cleiee 19.23 
Painters) APPTENtA Ces sele'sielele civiwrele 0, ciaiele'a elaiete'els 14.34 
Pipefitter, journeyMans cececcccccccccccccccce 20.90 
Pipefitter, apprentice.ccrccccccvcccsecccseces 13.71 


1 Includes 21% burden and fringe benefits. 
Construction Materials 


The estimates for construction materials include support steel, steel reinforc- 
ing bars, concrete, sand and gravel, timber, etc. Also included are small hand- 
tools, welding rods, and other miscellaneous equipment. It was generally assumed 
that construction materials are readily available at the mine or construction site 
and that the freight cost associated with these materials is negligible. 


Purchased Equipment 


In the capital cost sections for both mining and mineral processing unit opera- 
tions, purchased equipment refers to the major mining or process equipment directly 
associated with the operation. The development of the capital cost estimates for 
each unit process included the construction of a major equipment lists with the 
equipment sized according to the capacities analyzed. 
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Transportation 


Transportation, or freight, costs have been estimated using the basis of a mid- 
western (Denver, CO) mine or construction site. In most cases, freight costs were 
estimated using the nearest supplier-vendor for each piece of equipment to calculate 
the total distance for the shipment. Average transportation rates were then applied 
to the distance to calculate the cost of transporting the major equipment items from 
the manufacturer to the construction site. In each capital cost section, the per- 
centage of the fixed capital cost for the particular unit operation is given and can 
be applied to the cost generated by the costing formulas (or curve) to derive the 
transportation cost. 


Adjustment Factors 


Many unit process sections contain one or more adjustment factors that may be 
used to address circumstances other than those assumed for the development of the 
cost section. These factors are generally multiplied by the product of the cost 
formula (or the cost taken directly from the curve) to obtain a cost representative 
of these special circumstances. 


All curves in this handbook have been adjusted to a common base with every eff- 
ort having been made to present data representative of a typical application of the 
particular mining method or beneficiation process under consideration. Often, how- 
ever, the estimator will be privy to information that can substantially upgrade the 
quality of the estimate through the judicious application of adjustment factors. In 
order to properly apply the adjustment factors, the estimator must be capable of 
discerning any differences between the method or process under consideration and 
that presented in this handbook. When the estimator encounters an abnormal situa- 
tion, proper adjustment of curve data, either upward or downward, must be made. For 
that reason, whenever certain adjustment factors may apply they have been explained 
and referenced. Mention of some of the common adjustment factors has been omitted 
from the narratives in order to avoid repetition. These factors include the various 
cost indexes and the labor rate and power cost conversion methods, as well as more 
subtle variables such as rock hardness. Even though many variables have been con- 
sidered in the preparation of the handbook, every mineral deposit has its own unique 
differences that the individual estimator must be able to recognize and include in 
the cost estimation. 


Four general adjustment factors are common to almost every section within the 
cost estimation system handbook. 


Shift factor: Consistent with industrial practice, most mine capital and 
operating cost sections were developed on the basis of a two-shift-per-day operation 
and mineral processing plant sections were developed using a three-shift-per-day op- 
eration. Departures from this basis are noted within each individual cost estima- 
tion section. To adjust for alternative operating schedules, the estimator should 
determine the quotient of the design basis number of shifts (n;) divided by the 
actual number of shifts for the operation under consideration Sy The quotient 
can then be multiplied by the daily feed rate to obtain an adjusted daily feed rate. 
The adjusted daily feed rate is then substituted for the independent variable, X, in 
the cost equations. 


Power factor: In all of the cost estimation sections, the cost of electri- 
cal power was assumed to be $0.05.kWh. To adjust the costs for a different power 


rate, the estimator should multiply the power cost obtained from the cost equation 
(a percentage of the operating supplies curve) by the quotient of the actual power 
cost divided by the assumed power cost of $0.05/kWch. 


Water factor: The cost of purchased water was taken to be $0.10/m3. To 
adjust the costs for a different water rate, the estimator should multiply the water 
cost obtained from the cost equation by the quotient of the actual water cost divid- 
ed by the assumed water cost of $0.10/m3. 


Sales tax: A uniform 4% sales tax was applied to the total fixed capital 
cost for each unit operation. This approach reflects the construction of a green- 
field mine or mineral processing facility by an independent contractor. If the 
sales tax for the area being estimated differs from the standard 4%, then the appro- 
priate adjustment to the total capital cost should be made. 


Operating Cost 


The operating costs presented in these sections include the mining and mineral 
processing costs and mine or plant overheads. The operating cost section for each 
unit process includes distinct formulas and curves allowing for the independent cal- 
culation of the operating labor cost, the operating supplies cost, and the equipment 
operation cost. Fixed charges of insurance, taxes, royalties, depreciation, packag- 
ing, product freight, selling expense, or general and research expense are not in- 
cluded. The costs associated with supervision are not included with the individual 
unit processes, but are included in aggregate form with the general and administra- 
tive expense curves. 


Labor 


The labor costs generated through the use of this handbook include both direct 
operating labor and maintenance labor. Each operating cost section of the handbook 
provides the relative percentages of direct and maintenance labor that may be app- 
lied to the aggregate operating labor cost generated by the costing formula. The 
text also presents a tabulated summary of the direct labor component of the operat- 
ing labor cost, providing a breakdown of job classification and the average wage 
rates for the direct labor involved in the operation. An example listing of job 
classifications and wage rates used in the estimation of the operating labor costs 
is presented in Table 2. 


Table 2.--Operating labor job classifications and hourly wage rates 


Job Wagel 
Operations: 
Rotary dri limo peratoress <stesterdtetsletelslelels oix)enetets $16.78 
Shovel OperatOreccecvccccccccseccccccvecsece 18.11 
TLUCK GATIVET stele /e stele cclelesteluiels « eleleiclelelerel e's 's'eters 15.89 
Cave MINE r sieisic sc eieie o siele oie 0 610,016 wletetsicicieis stelelsie 18.11 
Production | 1LOadricie's seicic vic ste v ciclo eivicjcleic's ciejcle 16.33 
Control rooM OPeratOTeccecccccvcccccccccces 17.23 
Mil] Operatorecececcvccccccccccssscsccvecece 16.78 
Mill helper. cecccccvcvcvccvcvcvcccsccccccce 13.66 
Samplerececcccccccccccscccccvcscccccescecce 15.44 
Mil] labore reictecicls oles cleleteleieic cleivivie eletelele eters ole 11.68 
Maintenance: 
Mechanic/welder, JAwse cl cicleletcitisicrsiccleieicielsicle os 16.78 
Mechanic /welder (4B. «:cleveieicicleloie orate ele elelereiets crete G20 
Electrician. ccccccdscccccccsccccccscscccoce 18.11 
Instrumentatlom were ic cisls cc .c1s's sists elelele’s o eles lee 18.11 
OLTE UN clelere sere cletelolete sletelelolele ctalete olete elcleietels ore 14.56 
Mahi nis tt. clets eiatetetele aleve elelvielatetstotsiely ciotetstete slots 17.32 


1 Includes 32% burden and fringe benefits. 


All labor rates (costs) used in the preparation of curves are based on the 
Denver, CO area as of January 1984, and include an allowance of 32% to cover all 
applicable payroll burdens and fringe benefits. Shift differentials of $0.30 per 
hour for the second shift and $0.45 per hour for the third shift have been included 
in the labor estimates. Area and/or incentive bonus premiums are not included and 
the estimator's judgment must determine the application of adjustment factors for 
these items. 


Supplies 


The supplies portion of the operating cost sections is comprised of electrical 
power, natural gas, reagents and industrial chemicals and other consumables. A 
standard sales tax of four percent was added to all nonfuel items. The costs in 
table 3, reflective of January 1984, were used in preparing the estimates of supply 
operating costs: 


Table 3.--Base case supply costs 








Commodity Unit Cost 
Fie O11 ee es ee alate cc ee ets Saltie tes ste otis Mase OO 
Natural ‘Gass’. cS Ie O00 Ete eee oe 3.20 
Coal, 844-subbituminous.% ..:.SLes. sce cele sce 25-00 
ELECOricity. weccccccccccccccekKW Necoscccccece 0.05 


Equipment Operation 


Equipment operation costs are considered to include fuel, lubrication, repair 
parts and tires for all process equipment related to the unit processes. The fuel 
costs used in the preparation of the cost estimates on which the equipment operation 
curves are based were those in effect in the Denver, CO, area in January 1984. The 
gasoline and diesel fuel costs were both $1.00/gal. A standard sales tax of 4% was 
added to all nonfuel items. 


To adjust fuel costs to more recent, local rates, the user should first obtain 
the percentage of the total equipment operation cost due to fuel, and then multiply 
that percentage, in decimal form, by the current cost per gallon of gasoline or die- 
sel fuel. 


Adjustment Factors 


Similar to the capital cost sections, many operating cost sections contain ad- 
justment factors to address operating circumstances other than those that were assu- 
med for the development of the costing section. Again, these factors are generally 
multiplied by the product of the costing formula (or the cost taken directly from 
the curve) to obtain a cost representative of these special circumstances. A more 
detailed explanation of the development and use of adjustment factors has been in- 
cluded in the previous discussion of capital costs. 


Infrastructure 


In addition to the unit process modules, a number of auxiliary sections repre- 
senting the various infrastructure elements associated with mining and mineral pro- 
cessing operations have also been provided. These sections include long-distance 
transportation, loading facilities, storage, waste water treatment, access roads, 
townsite and camp operation, among others. The application of these sections is 
virtually the same as for the unit process sections. 


COST UPDATING 


The mining and mineral processing estimating procedures presented in the hand- 
book, using individual cost component breakdowns, provide a methodology by which the 
base costs derived from the system can be adjusted to be applicable in different lo- 
cations and/or be updated through time. Labor productivities can also be adjusted 
to reflect cost differences due to differences in manpower requirements. 


Two methods may be used to adjust the labor cost curves. Method one, the more 
accurate of the two, is to use the prevailing labor rates for the area under consid- 
eration, in the year of desired escalation, and apply the appropriate payroll bur- 
dens and premiums. By dividing the new rate by the one given in the narratives, a 
labor adjustment multiplier is obtained, which is applied to the labor cost calcu- 
lated from the formulas or from the curves. The second method is to use a labor 
rate for the area under consideration, in the base year. By dividing the new rate 
by the one given in the narrative, a labor adjustment multiplier is obtained, which 
is updated from either labor index number 1 or 2 (table 4). By dividing the index 
corresponding to the year of desired escalation by the one in January, 1984, a ratio 
is derived, which when combined with the labor adjustment multiplier is applied to 
the calculated labor cost. This factor can be used for all classes of labor 
throughout the estimate. 
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Table 4.--U.S. Cost indexes, 1980-85 















Mining Wage.ccccccccces 11.90 
Construction Wage..cee. 3774720 
Equipment /Repair Parts. 362.3 
Bits and Related Steel. 355.6 
Timber and Lumber...... 340.0 
Pue Dicteiaiaa is 0's eiacbie eres ares 633.8 
EXplOSiveS. ccccccccccce 312.8 
Tires and Rubber....ee. 247.0 
Construction Materials. 358.2 


Industrial Materials... 
Transportation. .ceccccecce 





1 january, base. 


Operating cost differences due to varying productivities can be adjusted through 
the individual unit process labor costs or through the combination of the components 
of underground mining, surface mining, or mineral processing. Contained in:the la- 
bor portion of the narrative of each unit operation is a weighted average labor rate 
of all laborers necessary for that particular unit operation. The number of workers 
per day for each unit operation can be calculated by dividing the daily adjusted 
base year labor cost by the product of the average labor rate and 8 h per shift. An 
adjustment can be made on each unit operation if the estimator replaces the number 
of workers per day calculated above with a new estimate and multiplies by the aver- 
age labor rate times 8 to derive the new adjusted labor cost based on a new produc-— 
tivity. If specific information is not available on each unit operation, the user 
can compute the number of workers per day for each unit operation and add them to 
get the total workers for the mine or mineral processing plant being evaluated. A 
productivity ratio is determined by dividing the known number of workers per day by 
the computed value, which when multiplied by the total adjusted labor cost gives the 
new labor cost. 


Often, productivities are expressed as metric tons per worker-shift or metric 
tons per worker-hour. If the previous calculation is carried further by introducing 
the capacities of the mines or processing plants, productivity ratios can be derived 
to adjust the labor costs. 


Most of the supplies and equipment operation costs are composed of more than one 
component. In these cases, it is necessary to calculate the component cost for each 
index classification. By dividing the index corresponding to the year of desired 
escalation by the one for January 1984, for each component, a ratio is obtained that 
is multiplied by the calculated cost component. Combining these escalated compon- 
ents produces a final updated cost. 


Electricity, natural gas, propane, and water costs do not have corresponding in- 
dex classifications for updating. The method used to update these categories by lo- 
cation is to use the prevailing rates for the area under consideration, either in 
the base year or the year of desired escalation, and to divide the new rate by the 
one given in the narratives resulting in the adjustment factor. This factor is next 
multiplied by the corresponding cost from the curve to obtain the site-specific 
cost. 
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Cost Indexes 


The mining wage rates index includes both mine and plant labor. This index in- 
cludes skilled, unskilled, local, and expatriate labor along with burden and fringe 
benefits (employer's contribution to union funds for health and welfare, vacations, 
holidays, sick leave and retirement, Social Security, Federal and State Unemployment 
Insurance, and Workmen's Compensation). 


The construction wage rate index includes all labor (see mining wage index for 
inclusions) employed in the construction of mines and mineral processing facilities. 


The equipment and repair parts index relates to equipment and repair parts rele- 
vant to mining and mineral processing operations and related infrastructure, e.g., 
front-end loaders, shovels, load-haul-dumps (LHD's), trucks, jumbo drills, as well 
as crushers, grinding mills, flotation cells, thickeners, filters, etc. 


The drill bits and related steel index includes steel for mining and mineral 
processing such as drill bits, pipe, fan liners, track, shovel and loader teeth and 
liners, etc., as well as replacement parts such as steel balls, rods, shell and head 
liners, scoop lips, etc. 


The timber and lumber index covers the timber and lumber that is most readily 
available for applications such as cribbing, lagging, and supports in underground 
mining. 


The fuel index covers refined fuel products weighted toward diesel. However, 
the fuel index is also considered applicable to other petroleum products. 


The explosives index includes all types of blasting supplies, e.g., propellent 
powders, blasting caps, etc. 


The tires and rubber index includes all types of tires applicable to mining op- 
erations, e.g., for LHD's, trucks, as well as other parts made of rubber such as 
conveyor or other belts for machinery. 


The construction materials index is applicable to materials such as sand, gra- 
vel, cement, limestone, reinforcing rods, steel fasteners, etc., for use in con- 
struction of mine and mineral processing plants and related infrastructure. 


The industrial materials index includes mining and mineral processing chemicals 
used in daily operations, e.g., wetting agents, mining reagents, dust depressants, 
flocculants, flotation reagents, etc. 


The transportation index measures transport cost based upon an assessment of the 
country's normal freight transport network relevant to the mineral industry and 
could include, in addition to rail and truck, means such as barge and pipeline. 


GUIDELINES FOR MINERAL PROCESSING COST ESTIMATION 


The CES handbook is a tool to be used for capital and operating cost estimation 


and comparison. As with any tool, the skill of the user will ultimately determine 
the quality of the product. The evaluator must realize that the extent of thought 


and understanding in the input will directly affect the accuracy of the final re- 
sult. When estimating the cost of an operating plant, as much information as pos- 
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sible should be compiled prior to cost estimation. When costing a proposed opera- 
tion, it is imperative to develop a detailed flowsheet before using this handbook. 
The method providing the maximum economic benefit given the restrictions of mineral- 
ization, ore grade, ore throughput, geographic location, and availability of labor, 
supplies, and energy must be selected. 


The mineral processing handbook includes individual cost estimation sections for 
unit operations associated with comminution, beneficiation, solid-liquid separation, 
hydrometallurgy, and special applications, as well as infrastructure and plant gene- 
ral and administrative costs. When using this system for estimating cost data for a 
mineral processing facility or for checking or verifying processing costs from an 
existing facility, a minimum amount of background information must be obtained. 

This will include geology, mining, economics, environmental, infrastructure, and any 
extreme circumstances that would have an impact on the costs. 


An explanation is included with each cost section. Each explanation lists the 
cost items used to develop the cost section, and specifies what is covered. Since 
the content of many of the mineral processing sections is so variable, each explana- 
tion must be read carefully and fully understood. Only by understanding the scope 
of each section can the estimator be assured that every required item will be ac- 
counted for once, and only once, in the final cost estimate. 


The successful utilization of this mineral processing cost estimation handbook 
is dependent on the completion of the following procedure: 


1. Preparatory study of the particular process under consideration. 
2. Establishment of a materials balance and process flowsheet. 

3. Selection of the appropriate cost sections. 

4. Calculation of capital and operating costs for each section. 

5. Summation of costs. 


The following pages present some guidelines for the application of the mineral 
processing cost estimation system. As with any guidelines, numerous exceptions ex- 
ist, and many situations are not considered. In the final account, the individual 
evaluator's knowledge of the basic principles of engineering and of the particular 
processing system under study will determine the accuracy of the estimate. 


Preparation 
Geology 


Geologic information such as the available ore reserves and grade is a necessary 
component of the cost estimation method. The major type and character of the mine- 
ralization is critical to the design of the extraction system. Ore types can be 
classified as massive, intergrown, or disseminated. The ore type will directly af- 
fect the choice of the mineral processing method to be employed in the extraction of 
the minerals. For example, the comminution circuits must be designed to ensure that 
the desired minerals are adequately unlocked to achieve sufficient grade and recov- 
ery. 


Mining 


The mineral processing facility must be designed to operate in harmony with the 
mine plan. Therefore, for costing of a new facility, it is necessary to know the 
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proposed capacity and operating schedule of the mine prior to beginning the develop- 
ment of the metallurgical flowsheet. If multiple ore sources are a possibility, 
then each of the feed sources must be carefully analyzed. 


Economics 


The economics of the various processing methods available must of course be con- 
sidered. Once the characteristics of the mineralization have been delineated, the 
choices of a general extraction method are narrowed significantly. In general, the 
flowsheet considered initially for any ore must be based on the type of separation 
that appears to be most effective, considering the relative value of the recoverable 
minerals, the types of recoverable minerals, and market and location considerations. 
Occasionally, more than one beneficiation method may appear to be applicable to a 
given ore. At this point, if no other factors prohibit the choice, the least expen- 
sive remaining alternative is selected. 


The process selected will ultimately rest on those factors (location, capacity, 
etc.) that will strongly influence the overall project economics. The best overall 
metallurgical plan may not produce the most favorable economics, therefore, optimum 
recovery is not necessarily maximum recovery. 


Environmental 


Although the benefits are often economically intangible, a prudent engineer must 
certainly study the advantages of reducing the environmental impact. Serious envi- 
ronmental problems associated with mineral processing operations include aesthetics, 
noise, dust, and solid and liquid waste treatment and disposal. 


Other Parameters 


Before deciding on a processing technique, all remaining available information 
should be examined. Environmental, geographical, personnel, and financial restric- 
tions may each influence design. Since many sections have factors for unusual situ- 
ations, this information will also increase the exactness of the cost estimation 
process. 


Geographical characteristics and plant site location also affect the selection 
of the method of extraction. In rugged or remote areas, it may prove difficult and 
expensive to bring in large equipment and operating supplies. In such a case, the 
most economically effective alternatives may include labor-intensive methods or the 
selection of a less effective extraction scheme. Mineral processing plant design 
in extremely remote areas may be governed by the availability of power. 


The labor force deserves careful attention during the design process. If skill- 
ed labor is unavailable locally, a highly mechanized facility may prove more econom- 
ically attractive than importing personnel. Unskilled local labor, if plentiful, 
indicates the necessity of a labor-intensive method using simpler equipment. Some 
labor skills are easily transferable, and should be used to advantage. 


Flowsheet and Material Balance 


In order to effectively apply the costing system, the estimator should develop a 
reasonably detailed flowsheet and material balance incorporating all operations to 


be costed. A comprehensive process flow diagram and material balance will enable 
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the estimator to apply the system rapidly, as most of the formulas or cost curves 
generate costs directly as a function of capacity (usually metric tons per day). 
This preparatory work should be sufficiently detailed to establish the grades and 
recoveries for all major product streams as well as to delineate the mass flow rates 
(both solid and liquid) for all major product streams. Finally, any special infor- 
mation (required for adjustment factors) should be noted as it will enhance the ac- 
curacy of the final estimate. 


The estimator must first obtain the following minimum information to generate 
the costs for a desired actual or proposed operation: 


The processing method employed and any peculiarities associated with the 
deposit. 


The input and output streams for all unit operations. 


The applicable labor rates, number of shifts operated per day, and water and 
electrical rates. 


Once the general process flowsheet has been established, it is combined with the 
proper auxiliary systems to complete the plant design. This entails the inclusion 
of buildings, vehicles, administration, communication, electrical, and water sys- 
tems, along with any other items required for operation. All sections required for 
the cost estimate should be studied to determine other information required for ad- 
justment factors. In order to obtain the best results, the estimator should pro- 
ceed through the sections in the sequence they are presented in the handbook. 


Because the handbook was developed expressly for the purpose of calculating to- 
tal plant costs, the user is cautioned against using costs developed in any single 
section or, especially, in combination with costs derived through other methods. 
For maximum accuracy, the costs should be developed for a complete facility. 


Selection of Processing Sections 


The initial step in using this handbook is the selection of sections and indi- 
vidual formulae and curves within the sections to be used in the evaluation. It is 
presumed the estimator will have adequate knowledge of mineral processing engineer- 
ing and cost estimation procedures before attempting to prepare an estimate using 
the methods presented herein. After the data requirements have been prepared, the 
sections that apply should be studied until their contents are fully understood. 


Mineral processing can be broadly defined as the treatment of raw materials 
(minerals) from the earth's surface to yield marketable products by methods that in 
general do not destroy the physical or chemical identity of the minerals. Separa- 
tion is accomplished primarily by exploiting the physical differences between gangue 
and valuable minerals. 


The general processes covered by this handbook include the following: 


1.) Comminution 

2.) Beneficiation 

3.) Solid-liquid separation 
4.) Hydrometallurgy 

5.) Special applications 
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Although hydrometallurgy and some of the special applications fall outside the 
definition of mineral processing, they have been included within the handbook be- 
cause of their close relationship with mining and mineral processing operations. 


The following narrative reviews the major unit operations encompassed by mineral 
processing with emphasis on the contents of this handbook. 


Comminution 


Crushing: Crushing reduces run-of-mine ore to fragments with the coarsest (final) 
product being 1/4 to 3/8 in. Crushing generally takes place in two or three stages: 
Primary or coarse crushing reduces run-of-mine ore (maximum 60 diameter rock) down 
to a 6-to 8-in product through the use of either jaw or gyratory crushers. Secon- 
dary crushing takes the primary crushing product and reduces it in turn to a 3- to 
2-in product. Gyratory or cone crushers are the usual choices for secondary crush- 
ing applications. Finally, a tertiary stage may be included to reduce the ore to a 
1/4- to 1/2-in size. Cone crushers are almost exclusively used for tertiary 
crushing. 


Grinding: Grinding composes the final stage of size reduction or particle libera- 
tion of ores. Generally the grinding circuit is designed to reduce a maximum upper 
feed range of approximately 10,000 mi (3/8/in) to some upper limiting product size 
between 35 and 200 mesh (420 to 74 mi). The optimum product size is dictated by 
combination of technical and economic considerations. Grinding can be accomplished 
in a variety of mills, typically rod mills and ball mills get the bulk of the appli- 
cations, although autogenous and semiautogenous mills area becoming increasingly im- 
portant. 


Beneficiation 


Flotation: Flotation is a physiochemical process for the separation of finely 
divided solids from one another. Separation of these dissimilar, discrete solids 
from each other is effected by the selective attachment of the particle to either a 
gas or a liquid phase. This mechanism is, in most cases, greatly assisted by modi- 
fication of the particle surface by surfactants. 


Gravity separation: If liberation of the desired mineral particles occurs at a 
relatively coarse size and there is a marked specific gravity difference between the 
value mineral(s) and the gangue, then gravity concentration methods such as the fol- 
lowing may be employed. 


1. Methods that depend on differing buoyancy between two particles of diffe- 
rent densities when placed in a liquid of intermediate density. 

2. Methods that depend on particle inertia resulting from both density and 
size difference. Important properties include particle size, density, fluid resis- 
tance, particle shape, and interparticle interference. 


A brief discussion of some of the important gravity separation methods included 
in this handbook follows. 


Heavy media: Heavy media process consists of continuously feeding a stream of 
crushed and washed (deslimed) ore into a fluid within a vessel so arranged that the 
float (light) and sink (heavy) products are continuously discharged along with the 
medium. The process is applicable to both metallic and nonmetallic minerals of size 
ranging from 8 in down to 65 mesh. 
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Jigs: Jigging is a form of gravity concentration carried out by pulsation of 
water through a screen that lies on a bed of crushed and sized ore. A mixture of 
sized particles of varying density is continuously fed into a box closed by screen 
on the underside through which water pulsates, a bed of heavier particles forms in 
the box above the screen. Concentrate is drawn off the top of the screen at inter- 
vals by means of a dam--the hutch product is removed through a valve. 


Spirals: Spirals make use of a combination of centrifugal action, film flow, 
and heavy media separation forces. A spiral consists of descending spiral launder 
with modified semicircular cross section. Pulp is fed to the top of the spiral and 
as it flows downward, heavy particles concentrate in a band along the inner side of 
the pulp stream. 


Tables: Shaking tables can be used for gravity separation when the materials 
are too fine for effective separation by jigging (approximately minus 20 mesh). 


Other beneficiation processes included in the handbook are photometric separa- 
tion and magnetic separation. These sections are applicable only to certain mineral 
commodities and should be applied with caution. 


Solid-liquid separation 


The solid-liquid separation sections have been designed to complement the bene- 
ficiation sections, however they may also be applied to the hydro- metallurgy sec- 
tions. Capital and operating cost sections are provided for thickening, filtration 
(disk, drum, pressure, centrifugal), and countercurrent decantation. The importance 
of utilizing the adjustment factors provided in each section cannot be overempha- 
sized for solid-liquid separation. 


Hydrometallurgy 


The field of hydrometallurgy involves the recovery of valuable components from 
ores or concentrates by relatively low temperature reactions accomplished in an aqu- 
eous phase. The three distinct operations can be identified in any hydrometallurgi- 
cal flowsheet: 


1. Leaching. 
2. Solution concentration and/or purification. 
3. Product recovery. 


Leaching: The various leaching processes that are encountered can be classi- 
fied with respect to reaction chemistry. Generally, the particular lixiviant selec- 
ted for a given raw material is one that results in good selectivity for the valu- 
able components to be recovered. If many components of the raw material are dis- 
solved, then the subsequent leach liquor concentration and purification step will be 
more difficult. Leaching systems extend from the leaching of marginal low-grade ore 
in which there is no materials handling to the leaching of high-grade concentrates 
produced from physical and physiochemical separations by mineral processing techno- 
logy. 


Solution concentration and purification: Impurity removal is accomplished by a 
number of techniques in order to prepare the leach solution for product recovery. 
These techniques can be conveniently classified according to the following 
categories: 
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1. Solvent extraction. 
2. Precipitation. 

3. Cementation. 

4. Ion exchange. 


The application of any one of these processes depends mainly on the impurities 
to be removed and the component to be recovered. In some instances this intermedi- 
ate stage of processing will involve the selective recovery of a solid phase con- 
taining the valuable component, e.g., copper cementation from dump leach liquors. 
In other instances, impurities may be removed (either in the solid state or in aqu- 
eous stream) with the valuable component to be recovered from a concentrated, puri- 
fied solution, e.g., rejection of impurity components in raffinite during solvent 
extraction of uranium, copper, or other metals. 


Product Recovery 


The valuable component is finally converted into a marketable product with asso- 
ciated quality specifications. The product recovery phase of hydrometallurgy may 
involve purification of a solid phase or recovery from a concentrated purified aque- 
ous solution. Common techniques employed for product recovery include 


1. Gaseous reduction 
2. Electrolysis 
3. Precipitation 


The hydrometallurgical sections included within this handbook are highly commo- 
dity specific. Most of the sections tend to cover a complete process rather than 
discrete unit operations. The estimator is advised to carefully read the text of 
each section to determine exactly what is included to avoid double counting. 


Special Applications 


This category encompasses a number of unit operations that do not readily fit 
the other descriptors. Included are unusual mineral processing techniques, chemical 
engineering processes, and thermal processes. 


EXAMPLE APPLICATION OF CES: SEMIAUTOGENOUS GRINDING 


For purposes of illustration, the following example briefly outlines the proce- 
dure for calculating capital and operating costs for a single unit process for min- 
eral processing. A similar sequence of calculations is required for any of the unit 
process sections contained in this handbook. The unit process sections for calcula- 
tion of the capital and operating costs for semiautogenous grinding are the subject 
of this example. A hypothetical capacity of 20,000 mtpd of ore has been assumed. 


Capital Cost 


Two curves are presented in the handbook for costing semiautogenous grinding 
(SAG) circuits. The proper formula for the calculation of the capital cost of the 
20,000 mtpd circuit considered in this example is: 


= 563.836 (X)0+972 
(563.836) (20,000)9+972 
$8,546,000 


¥. 
By substitution: he § 
Y 
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The capital cost breakdown indicates that 77% of the cost is purchased equip- 
ment, 16% is construction labor, 4% is construction materials, and 34 is transporta- 
tion (freight). Therefore, the capital cost breakdown may be calculated as follows: 


Purchased equipment.....- (0.77) (8,546,000)= $6,615,000 
Construction Labor. ..eeee. (0-16)(8,546,000)= 1,401,000 
Construction Materials... (0.04) (8,546,000)= 308,000 
Transportation. ..eccccces (0.03)(8,546,000)= 222,000 

TOCA) sie eave orceteleteie’el sc ere 8,546,000 


Operating Labor 


The first objective of CES involves the calculation of the total labor (direct 
operating labor plus maintenance, including fringes and burden) for the unit process 
under consideration. In the case of SAG, the formula for calculating the operating 
labor cost (per day) is 


Yz, = 116.035(x)9-304 
By substitution: Yj] = 116.035(20,000)9 +304 
Yz, = $2,356/day 


Subsequently, the relative amounts for direct operating labor and maintenance 
labor can be calculated using the percentages given in the text of 45% mine labor 
and 554 maintenance labor. 


Operating labor...eeeeses  (0.45)(2356) = $1,060/day 
Maintenance labor.....ee. (0.55) (2356) 1,296/day 
Total: labor. scsececescs 2,356/day 


Operating Supplies 


The cost per day of operating supplies for SAG grinding is calculated by substi- 
tuting the capacity, 20,000 mtpd, into the equation: 


Ys = 0.614(x)0-986 
By substitution: Yg = 0.614(20,000)9-986 
Yo = $10,690/day 


The costs of the components of the operating supplies cost in this case consists 
100% of electrical power. 


Equipment Operation 


The cost per day of equipment operation for SAG grinding is calculated by sub- 
stituting the capacity, 20,000 mtpd, into the equation: 


Yp = 0.312(x)0-998 
By substitution: Yg = 0.312(20,000)0-+998 
Yg = $6,118/day 


The costs of the components of the equipment operation cost can then be calcula- 
ted using the percentages given in the text: 
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Wear materials (liners, balls).......  (0.94)(6118) = $5,751/day 
REpPLACRMentc part Giersisieivinincoi> sfe/pi ole islet (0.06) (6118) 367 /day 
Total equipment operation cost..... 6,118/day 


Adjustment Factors 
To illustrate the application of adjustment factors, assume that fully autogen- 
ous grinding of a sulfide ore (power requirement of 14.3 kWeh/mt) is desired. 
Since the base section was designed for semiautogenous grinding of an ore with a 
power requirement of 10.44 kW°h/mt, two adjustment factors will be required: 
Autogenous grinding and hardness. 
Capital Cost 


Autogenous grinding factor: 


Hardness factor: 
(F) = (10.44/N)70-959 
where N is the new power requirement, in kilowatt hours per metric ton. 
(F) = (10.44/14.3)70-959 = 1.43 
Total Adjusted Costs 
Total capital cost $8,546,000 X 0.995 X 1.43 = $12,160,000 


Operating Cost 


Autogenous grinding factor: 
Labor factor (F,;) = 0.911 


Supply factor (Fg) = 1.000 

Equipment operation factor (Fp) = 0.270 
Hardness factor: 

(F) = N/10.44 


where N is the new power requirement. in kilowatt hours per metric ton. 
CP) a= 14 3710644 = 1637 


Total Adjusted Costs 
Total labor cost $2,356/day X 0.911 X 1.37 = $2,940/day 
Total supplies cost $6,118/day X 1.000 X 1.37 = $8,382/day 


Total equipment operation cost $10,690/day X 0.270 X 1.37 = $3,925/day 
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Summation of Costs 


Finally, the estimator should sum the capital and operating costs. Significant 
figures should be taken into account at this time if the estimator has not already 
done so. The cost equations given in the text have not been reduced to significant 
figures, as they are the product of a statistical analysis. It is recommended that 
the estimator express no more than three significant figures (depending on the pre- 


cision of the input data). 
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6-1. MINERAL PROCESSING--CAPITAL COSTS 
6-1-1. COMMINUTION 


6.1.1.1. CRUSHING 


The capital cost for crushing includes the acquisition and installation of equip- 
ment to crush run-of-mine ore to a size suitable for grinding or other beneficiation 
operations. The crushing circuit includes primary, secondary, and, if necessary, 
tertiary crusher, screens, and the attendant materials handling equipment (feeders, 
belt conveyors, etc.). The curve is valid for secondary and tertiary crushing when 
the mobile crushing section (6.1.1.2.) is used. The total capital cost is based on 
a single cost curve having a feed rate (X), in metric tons of ore per day. The 
curve is valid for operations between 500 and 100,000 mtpd, operating three shifts 
per day. 


BASE CURVE 
The base curve was developed for the reduction of a medium hard ore (work index of 
14.3 kW°h/mt) from run of mine size to 80% passing 1.27 cm (0.5 in.). The pro- 
cess commences with the introduction of the ore into the primary crusher and termi- 


nates with the final crusher discharge conveyor. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor coSt...... 14% 
Construction supply cost..... 13% 
Purchased equipment cost..... 71% 
Transportation COSteccccccoce 2% 


The total capital cost is (Y¢) = 2,392.492(x)9°775 and is distributed as 
follows: 


(L) Construction Labor Cost (Yz) = 334.949(x)9+775 


311.024(x)9°775 


(S) Construction Supply Cost (Yg) 


(E) Purchased Equipment Cost (Ys) = 1,746.519(x)9+775 
ADJUSTMENT FACTORS 


Ore Hardness Factor The base curves are premised on an ore hardness (work index) of 
14.3 kWeh/mt. To adjust for a different work index, multiply the cost ob- 
tained from the curve by the following factor: 


Ore hardness factor (Fg) = 0.995(14.3/1)~0+744 
where I = new work index, in kilowatt hours per metric ton. 


Product Size Factor The particle size of the crushed product is ultimately depen- 
dent on the discharge opening setting of the final crusher(s) in the series. 
To adjust for a crusher discharge setting other than 1.27 cm, multiply the cost 
obtained from the curve by the following factor: 
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Product size factor (Fs) = 1.122(S)70-714 
where S = new crusher discharge setting, in centimeters. 


Mobile Crushing Factor In the event that mobile crushers are to be used as the pri- 
mary crushers, multiply the costs obtained from the curves by the following fac- 
tors to determine the costs of secondary and tertiary crushing: 


Mobile crushing factor (Fy) = 0.676 


Long Distance Conveyors The base curves are predicated on the assumption that the 
primary crusher(s) are reasonably proximate to the fine crushing facility. If 
the distance between primary and secondary crushing facilities exceeds 150 m, a 
long distance conveyor should be included in the cost estimate (see section 
Ged 7 pew. 


Coarse Ore Storage Factor The base curve contains no allowance for coarse ore 
storage. The capital cost for coarse ore storage facilities can be calculated 
from the following equation and added to the total cost: 


Coarse ore storage factor (Fc) = 224.000(c)9-957 
where C = capacity of coarse ore storage, in metric tons. 
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6-1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.1. COMMINUTION 


6.1.1.2. MOBILE CRUSHING 


The capital cost for mobile crushing is the for acquisition and installation of 
equipment needed to perform primary crushing on an ore. The mobile crusher includes 
feed arrangement, crusher, rock breaker and discharge conveyor. The total capital 
cost is based on a single cost curve having an adjusted feed rate (X), in metric 
tons of ore per day. The curve is valid for operations between 17,600 and 79,000 
mtpd, operating three shifts per day. 


BASE CURVE 


The base curve is predicated on the primary crushing of an ore at an open side set- 
ting of 7 in (17.78 cm) utilizing a mobile crusher. The ore has a work index of 
14.3 kW°/mt of ore. The process commences with the direct dumping of the ore into 
the crusher and terminates at the crusher discharge conveyor. 


The cost curves includes all the costs associated with the acquisition and installa- 
tion of the mobile crusher. 


The capital cost derived from the curve is a combination of the following costs: 


Small Large 
(17,600 to (35,000 to 
35,000 mtpd) 79,000 mtpd) 
Installation labor coSt....e.e. 3.2% 5.9% 
Installation materials cost.... 0.24 34.54 
Purchased equipment cost....... 83.84 58.2% 
Transportation COSt.cccccccccce 12.8% 1.42 


The total mobile crushing capital cost is (Yc) = 2,532-149(x)9-697 and is 
distributed as follows: 


(L) Installation Labor Cost (Yy, gmary) 7 81-029(x)09-697 
(YL LARGE) = 149-397 (x)9+697 
(S) Installation Materials Cost (Yg smary) = 5-064(x)0-697 
(Ys LARGE) = 873-591(x) 0-697 
(E) Purchased Equipment Cost (Yp smazz) = 2,446-056(X)09-697 
(Yp LARGE) = 1,509.161(x)0-697 


At production rates less than 35,000 mtpd, the mobile crusher consists of preas- 
sembled units which are, for the most part, factory built and require only minimal 
on-site erection. 


ADJUSTMENT FACTORS 


Ore Hardness Factor The base curve is based on an ore hardness of 14.3 kW*h/mt. 
To adjust for a different work index, multiply the cost obtained from the curve by 
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the following factor: 


Ore hardness factor (Fy) = 0.1545/(1)70-702 
where I = new work index, in kilowatt hours per metric ton. 


Crusher Setting Factor The base curve is premised on an open side crushing setting 
of 17.78 cm (7 in). To adjust for a new crusher setting, multiply the cost ob- 
tained from the curve by the following factor: 


Crusher setting factor (Fs) = 0.120(S)9-734 
where S = new crusher setting, in centimeters. 


Feeding the Crusher with a Fixed Angle Apron Feeder from Bench Above Factor The 
base case assumed direct dumping of the ore into the primary crusher. If the 
option of utilizing a fixed angle apron from the bench above the crusher is 
adopted, multiply the cost obtained from the curve by the following factor: 


Fixed angle bench above factor (Fa gmary) = 1-22 
(Fa LARGE) = 1-52 


Feeding the Crusher with a Fixed Angle Apron Feeder from the Same Bench Factor The 


crusher can also be fed from the same bench utilizing a fixed angle apron 
feeder. In this case, multiply the cost obtained from the curve by the follow- 
ing factor: 


Fixed angle same bench factor (Fp) = 0.217(x)0-188 
where X = ore feed, in metric tons per day. 


Feeding the Crusher with a Variable Angle Apron Feeder from Same Bench Factor The 
most operating flexibility is obtained by feeding the crusher with an apron 
feeder that is capable of adjusting to different ground elevations. For this 
scenario, multiply the cost obtained from the curve by the following factor: 


Variable angle same bench factor (Fy) = 0.109(x)9-266 
where X = ore feed, in metric tons per day. 
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COST, thousands of dollars 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.1. COMMINUTION 


6.1.1.3. IMPACT CRUSHING 


Impact crushers have a limited application in the mining industry but are effective 
on relatively nonabrasive ores such as soft iron ores, phosphate, trona, gypsum, and 
some limestones. This type of crusher is used to reduce ores that tend to be plas- 
tic and/or tend to pack when crushing forces are applied slowly, as in the case of 
jaw or gyratory crushers. Impact crushers depend on high hammer velocities for 
crushing and should not be used on ores containing over 154 equivalent silica be- 
cause of high wear. Impact crushers should be considered when a high size reduc- 
tion ratio and a large percentage of fines are desired. 


BASE CURVE 


Impact crushing capital cost includes all costs associated with acquisition and in- 
stallation of primary and secondary impact crushers, surge bins, feeders, screens, 
conveyors, and foundations. Impact crushing facility capital cost is based on a 
single cost curve having a feed rate (X), in metric tons of mine run ore per day, 
that is reduced to minus 0.95 cm (3/8 in.). The curve is valid for operations be- 
tween 1,200 and 20,000 mtpd, operating two shifts per day. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cosSt...... 104 
Construction supply cosSt..... 9% 
Purchased equipment cost..... 79% 
Transportation COStecceccccees 24% 


A typical breakdown of the major cost components is 


Primary impact crusherS...ee. 204 
Secondary impact crushers.... 30% 
SCTEENSecccccccseccssccsccess 124% 
FEECETS s cscccccccccsceseccece 11% 
Surge binSecccccccccccccccece 20% 
CONVEYOTSecccccecccccccccccccs 7% 


The total capital cost is (Yc) = 6,743-170(x)9-609 and is distributed as 
follows: 


(L) Construction Labor Cost (Y1) = 674.317(x)09-609 


(S) Construction Supply Cost (Yg) = 606.885 (x) 9-609 
(E) Purchased Equipment Cost (Yg) = 5,461.968(x)0-609 


ADJUSTMENT FACTORS 


Alternative Application If mine run ore is minus 20 cm (8 in) because of mining 
technique (continuous miner, conveyor feeder breaker, etc.) then primary impact 
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crushers are not required. Use the following cost equation in place of Y(c), 
based on a daily feed rate (X) and a two-shift-per-day schedule, only if pri- 
mary impact crushers are not required: 


Alternative application (Yc aLTERNATIVE) = 729.000(x)9- 782 
where X = ore feed, in metric tons per day. 


Shift-Feed Rate Factor Due to high maintenance requirements, impact crushers are 
limited to not more than two shifts per day. If the crushing facility operates 
one shift per day, multiply the daily feed rate (metric tons per day) by two, 
then enter the adjusted daily feed rate into the cost equation. 


COST, thousands of dollars 
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6-1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.2. COMMINUTION 


6.1.2.1. GRINDING 


The capital cost for grinding includes the acquisition and installation of equipment 
to grind run-of-mine ore to a size suitable for further beneficiation operations. 
The major equipment associated with the grinding circuit includes rod mills, ball 
mills, feeders, conveyors, pumps, and classifiers. The total capital cost is based 
on a single cost curve having a feed rate (X), in metric tons of ore per day. The 
curve is valid for operations between 380 and 100,000 mtpd, operating three shifts 
per day. 


BASE CURVE 
The base curves were developed for the grinding of a medium hard ore (work index of 
14.3 kWeh/mt) from 80% passing 1.27 cm to 80% passing 65 mesh. The process 
commences at the mill feed conveyors and terminates with the cyclone classifier 


overflow. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost...... 19% 
Construction supply cost..... 104% 
Purchased equipment coSt...e.. 69% 
Transportation COStecccccceee 2% 


The total capital cost is (Yc) = 4,457.437(x)09-806 and is distributed as 
follows: 


(L) Construction Labor Cost (Y z) = 846.913(x)9- 806 


(S) Construction Supply Cost (Yg) = 445.744 (xX) 0-806 
(E) Purchased Equipment Cost (Ys) = 3,164.780(x) 0-806 


ADJUSTMENT FACTORS 


Ore Hardness Factor The base curves are premised on an ore hardness of 14.3 
kWeh/mt. To adjust for a different work index, multiply the cost obtained 
from the curve by the following factor: 


Ore hardness factor (Fy) = 0.117/(1)7~0-806 
where I = new work index, in kilowatt hours per metric ton. 


Size Factor The base curve is predicated on grinding crushed ore of 80% passing 
1.27 cm to a final particle size of 80% passing 65 mesh. To allow for variation 
in either the particle size of the feed to the grinding circuit or of the 
ground ore, multiply the cost obtained from the curve by the following factor: 
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Product size factor (Fg) = (S$/0.055)0-806 
where S = [(1/(P)9*5)-(1/(F)9*5)], 
F = particle size, in microns passing 80% of the feed to the grinding 
circuit, 
particle size, in microns passing 80% of the final product. 


and P 
The following tabulation gives mesh sizes versus microns. 


Mesh sizes versus microns 


| microns? || mesht__—|_ microns? || mesht__— 








microns2 




































11,058.183 A5cceee 371.368 200.0% 73.061 
je ccee 4,073.138 50. eee 331.077 230. cece 62.737 
10... 1, 913.403 60. cece 271.407 270. cece 52-677 
15. ceee 1,229.892 T0- ever 229.430 300.6. 46. 961 
2ZOeceee 898.843 B0.ceee 198.353 325. cece 43.038 
D5eccee 704.777 100. .-.. 155.527 400.0. 34.321 
30eceee 577.756 120...6- 127.497 600. ..6.- 22-061 
488.396 140.206. 107.777 
422.242 170... 87.220 














19.354 X (mesh number )~1-090 = centimeters 
2centimeters X 10,000 = microns 
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COST, thousands of dollars 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6-1-2. COMMINUTION 


6.1.2.2. SEMIAUTOGENOUS GRINDING 


The capital cost for semiautogenous grinding (SAG) is for the acquisition and in- 
stallation of equipment needed to process an ore at a given particular size. The 
semiautogenous circuit includes feed conveyors, grinding mills, screens, sumps, and 
pumps (as needed). 


BASE CURVE 


The base curve is predicated on processing a sulfide ore from minus 6 to 9 in 
(15.2-22.9 cm) into a slurry for subsequent ball or pebble milling. The product of 
the primary SAG mill is a nominal minus 3/8 in (0.95 cm). The power required is 14 
hp*h/mt based upon the installed mill horsepower being completely pulled. 


The total capital cost is based on a single cost curve having an adjusted feed rate 
(X), in metric tons of ore per day. The curves are valid for operations between 330 
and 11,600 mt (a single mill of varying size) and between 11,600 and 111,800 mtpd, 
operating one shift per day. 


The cost curves include all the costs associated with the acquisition and installa- 
tion of the necessary conveyors, mills, screens and pumps. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost...e.. 16.44 
Construction supply cost..... 3.64 
Purchased equipment cost..... 77.3% 
Transportation COSteccccceece 2.7% 


The capital cost for a small semiautogenous mill (330 to 11,600 mtpd) is 
(Yc sMALL) = 47,897.164(x)9°467 and is distributed as follows: 


(L) Construction Labor Cost (Yz, smazy) = 8,142.518(x)9+467 


(S) Construction Supply Cost (Yg gmarz) = 2,394-858(X)9+467 
(E) Purchased Equipment Cost (Yp smazy) = 37,359-788(X)0-467 


The capital cost for a large semiautogenous mill (11,600 to 111,800 mtpd) is 
(Ye LARGE) = 563.836(x)9*972 and is distributed as follows: 


(L) Construction Labor Cost (Yy, ,aRGR) = 95-852(X)9+972 


(S) Construction Supply Cost (Yg yarcR) = 28-192(x)9-972 
(E) Purchased Equipment Cost (Yp parce) = 439-792(x)0+972 
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ADJUSTMENT FACTORS 


Single-Stage (SAG) Grinding Factor If the SAG mill is to be used for single stage 
grinding, i.e. the SAG mill operates in closed circuit with cyclones to produce 
the grinding circuit final product, multiply the cost obtained from the curve 
by the following factor: 


Single stage grinding factor (Fg) = 1.299(x)70-014 
where X = milling rate, in metric tons per day. 


The above assumes a required power input of 14 hp*h/mt. It must be cautioned 
that the use of a SAG mill as the only stage of grinding must be predicated upon 
extensive testing. 


Hardness Factor The required energy input for the base SAG mill cases is 
14 hp°h/mt (assuming full power draw on the mill motors). The only means of 
determining the required power input is to perform large-scale batch tests or 
pilot testing. To adjust for different required power inputs, multiply the cost 
obtained from the curve by the following factor: 


Hardness factor (Fy) = 0.08373/(N)~0- 959 
where N = new power requirements, in horsepower hours per metric ton 


Uranium Factor The processing of uranium ores represents a special case for SAG 
milling. SAG mills can operate as single stage grinding circuits processing 
uranium ores at relatively low power input (4 hp*h/mt). If uranium ores are 
being processed, multiply the cost obtained from the curve by the following 
factor: 


Uranium factor (Fy) = 0.306 (x)0- 063 
where X = feed rate, in metric tons ore per day. 


Autogenous Grinding (Sulfide) Factor The base curve for SAG mills in a two stage 
circuit can be adjusted to reflect autogenous grinding in a two stage circuit, 
assuming the same power requirements for grinding (14 hp*h/mt). Multiply the 
cost obtained from the curve by the following factor: 


Autogenous grinding (sulfide) factor  (F,) = 0.995 


The use of autogenous grinding normally require more power input per metric ton 
than SAG and the necessary power requirements must be determined by testing. 


Iron Ore (SAG) Factor To adjust for the grinding of taconite in a two-stage circuit 
with the primary mill being a SAG mill, multiply the cost obtained from the 
curve by the following factor: 

Iron ore (SAG) factor (Fy;) = 1.24 


The power requirements for SAG milling the taconite ore was taken as 
21.5 hp*h/mt. The SAG mill product is 40% minus 325 mesh. 
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Iron Ore (Autogenous) Factor To adjust for the grinding of taconite in a two-stage 
circuit with the primary mill being an autogenous mill, multiply the cost ob- 
tained from the curve by the following factor: 


Iron ore (autogenous) factor (Fo) = 1.95 


The power requirement was set at 28 hp*h/mt and the autogenous mill product 
at 100% minus 16 mesh. 
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6-1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.2. COMMINUTION 


6.1.2.3. RAYMOND MILL GRINDING 


The capital cost for Raymond mill grinding is for the acquisition and installation 
of equipment needed to process barite. The Raymond mill circuit includes feed 
storage, a complete packaged Raymond mill unit, and product conveying. Included in 
the Raymond mill package is a Raymond roller mill, whizzer separator, fan, cyclone, 
cyclone valve, and vent baghouse. The circuit can process barite with a maximum 
lump size of 3/4 in (1.9 cm) and a product ranging from 70% to 99% minus 325 mesh. 


BASE CURVE 


The total capital cost is based on a single cost curve having an adjusted feed rate 
(X), in metric tons of ore per day. The curve is valid for operations between 115 
and 1,290 mtpd, operating two shifts per day. The curve includes all costs as- 
sociated with the acquisition of the necessary bins, mills, cyclones, fans, and 
conveyors. The base curve is for grinding dry barite to a final product size of 
90% minus 325 mesh. The mill requirement is based on 12.2 hp*h/mt. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost...... 13.04 
Construction supply cost..... 3.04% 
Purchased equipment cost..... 82.9% 
Transportation COStecceccccce 1.14% 


The total capital cost is (Yq) = 5,509.259(x)9-792 and is distributed as 
follows: 


(L) Construction Labor Cost (Yz) = 716.204(x)0-792 


(S) Construction Supply Cost (Yg) = 165.278(x)9-792 


(E) Purchased Equipment Cost (Yg) = 4,672.777(x)9-792 
ADJUSTMENT FACTORS 


Grind Factor The capacity of the mill is very dependent on the required final pro- 
duct size distribution. To adjust for a final product other than 904 minus 325 
mesh, multiply the cost obtained from the curve by the following factor: 


Grind factor (F@) = (G/90)2+036 
where G = new grind percentage, expressed as cumulative percent passing 


325 mesh. 


Hardness Factor Barite ores vary widely in the amount of power required to process 
a unit weight to a particular size. No means of estimating the required power 
is available, short of having the vendor treat a given sample. Given the re- 
quired mill power per metric ton, multiply the cost obtained from the curve by 


the following factor: 
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Hardness factor (Fy) = (12.200/H)~0- 794 
where H = new estimated power required, in horsepower hours per metric ton. 


Flash Drying Factor The base curve assumes grinding without drying in the mill. 
Should flash drying be incorporated in the mill design, multiply the cost ob- 
tained from the curve by the following factor: 

Flash drying factor (Fp) = 1.2 


Potash Factor The costs can be adjusted for grinding potash (langbeinite) by mul- 
tiplying the cost obtained from the curve by the following factor: 


Potash factor (Fp) = 1.204 


COST, thousands of dollars 
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6-1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.3. BENEFICIATION 


6.1.3.1. FLOTATION 


The cost curve in this section is based on flotation operations that produce a sin- 
gle concentrate product. However, for operations that produce multiple concentrate 
products, costs can be estimated by reapplying the curve for each product, making 
the appropriate input tonnage reduction before each reapplication. 


The capital cost for flotation covers the acquisition and installation of pulp agi- 
tator-conditioners, mechanical flotation machines (self-aerating type), slurry 
pumps, and any associated piping, pulp distribution, and launder facilities. If 
mechanical flotation machines other than the self-aerating type are employed, the 
additional cost of an external blower system should be added to the base curve 
cost. However, if flotation machines other than the mechanical type are employed 
(e.g., pneumatic or column machines), then the capital cost obtained from the base 
curve cannot be accurately modified. 


BASE CURVE 


The total capital cost is based on a single cost curve having an adjusted feed rate 
(X), in metric tons of ore to the flotation section for each product per day. The 
curve is valid for operations between 40 and 95,000 mtpd, operating three shifts per 
day. Each flotation section consists of all rougher, scavenger, and cleaner cir- 
cuits required to produce a final concentrate. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost...... 12% 
Construction supply cost..... 19% 
Purchased equipment cost..... 664 
Transportation COStecccccsece 3% 


The capital cost consists of the following typical range of major equipment costs: 


Small Medium Large 

(40 to (250 to (47,000 to 

250 mtpd) 47,600 mtpd) 95,000 mtpd) 
Pulp agitator-conditioners.. 12% 2% 2% 
Flotation machinesS.cccceccee 78% 84% 92% 
SLUTTY PUMPS s ccccscecie sicitic c's 104 14% 64 


The total capital cost is (Yc gmazz) = 7,813-781(x)9-600 and is distributed as 
follows: 


(L) Construction Labor Cost (Yy, gmarz) = 937-654(x)0-600 
(S) Construction Supply Cost (Yg gmaryz) = 1,484.618(x)9-600 
(E) Purchased Equipment Cost (Yp gmary) = 5,391-509(x)0-600 
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The total capital cost is (Yo wep TuM/LARGE) = 405,577.367+79.906(X) and is dis- 
tributed as follows: 


(L) Construction Labor Cost (Yy, wepruM/LARGE) = 48» 669.283+9. 589 (xX) 


(S) Construction Supply Cost (Ys mepIuM/LARGE) = 77:059.699+15.182(X) 


(E) Purchased Equipment Cost (YE MEDIUM/LARGE) = 279, 848. 385+55.135(X) 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.3. BENEFICIATION 


6-1.3.2.1. GRAVITY SEPARATION 
JIGS 


Costs are primarily for the acquisition and installation of jigs, vibrating and 
trommel screens, pumps, and surge bins. The cost curves are most applicable to 
barite, gold placer, diamond, and chromite processing operations. Use of the curves 
for other types of mineral deposits, or for unique treatment systems, may give less 
accurate results. To estimate costs for jig equipment used in closed-circuit grind- 
ing, refer to section 6.1.3.2.2. 


BASE CURVE 


The total capital cost is based on a single cost curve having an adjusted feed rate 
(X), in metric tons of ore to the jig circuit per day. The curve is valid for op- 
erations between 400 and 10,000 mtpd, operating three shifts per day. The curve 
includes all costs associated with acquisition, freight, and installation of equip- 
ment. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost...... 64 
Construction supply cost..... 14% 
Purchased equipment cost..... 79% 
Freight Costecccoccccccccccces 1% 


A typical breakdown of the major cost components is 


Small Large 
(400 to (2,000 to 
2,000 mtpd) 10,000 mtpd) 
SCTCGGN Sic o c.0.¢.¢.<4,.616,5 104 5% 
PUMPS. ccccccccccce 3% 2% 
Surge binS...ceeee - 2% 
JI gs .ccccccccccces 87% 91% 


The total capital cost is (Yc) = 1,820.196(x)9-740 and is distributed as 
follows: 


(L) Construction Labor Cost (Y;) = 109.212(x)0-740 


(S) Construction Supply Cost (Yg) = 254.827 (x) 0-740 
(E) Purchased Equipment Cost (Yg) = 1,456.157(x)0+740 


48 


COST, thousands of dollars 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.3. BENEFICIATION 


6.1.3.2.2. GRAVITY SEPARATION 
JIGS IN CLOSED-CIRCUIT GRINDING 


Costs are for the acquisition and installation of jigs, pumps, and screens used in 
closed-circuit grinding. This is an accessory process used prior to other forms of 
treatment, such as flotation or cyanidation, where coarse material, or large par- 
ticles, would not be recovered. Jigs in closed-circuit grinding are most commonly 
employed in small flotation and cyanidation mills that process ores of gold, lead- 
silver-zinc, and fluorspar. Do not use this section to estimate costs for entire 
circuits of jigs that process large tonnages of ore (see section 6.1.3.2.1.). 


BASE CURVE 


The total cost is based on a single cost curve having an adjusted feed rate (X), in 
metric tons ore to the jig circuit per day. The curve is valid for operations be- 
tween 25 and 700 mtpd, operating three shifts per day. The curve includes all 
costs associated with acquisition, freight, and installation of equipment. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost...... 5% 
Construction supply cost..... 102 
Purchased equipment cost..... 84% 
Freight cost 1% 


A typical breakdown of the major cost components is 


Small Large 
(25 to (350 to 
350 mtpd) 700 mtpd) 
SCTE@NSsccccs ccc es 47% 27% 
PUMPSccccccccvccces 9% 54 
JESS cccistes cles steeds 447 68% 


The total capital cost is (Yc) = 35,135.96 2e0- 0007 (xX) and is distributed as 
follows: 


(L) Construction Labor Cost (Yj,) = 1,756-798e0+ 0007 (x) 
(S) Construction Supply Cost (Yg) = 3, 513. 596e0+ 0007 (Xx) 
(E) Purchased Equipment Cost (YR) = 29,865. 568e9- 0007 (x) 
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ADJUSTMENT FACTOR 
Screen Factor The curve includes costs for screens; however, in many instances, 
screens are not used with this type of jig treatment. If screens are not used, 


multiply the cost obtained from curve by the following equation: 


Screen factor (Fg) = 0.495+0.00296(X) 
where X = ore to the jig circuit, in metric tons per day. 


COST, thousands of dollars 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.3. BENEFICIATION 


6.1.3.2-3. GRAVITY SEPARATION 
REICHERT CONES 


The capital cost for gravity separation (Reichert cone) is for the acquisition and 
installation of equipment needed to process the ore containing heavy minerals. The 
Reichert cone circuit includes rougher, scavenger, cleaner and recleaner cones. 

The Reichert cone circuit can process ores containing 0.15 to 5.04 heavy minerals 
and yield a product containing a minimum of 80% heavy minerals. The feed for the 
Reichert circuit is assumed to be 1004 minus 10 mesh at a slurry density of 604 
solids by weight. 


BASE CURVE 


The total cost is based on a single cost curve having an adjusted feed rate (X), in 
metric tons ore per day. The curve is valid for operations between 2,900 and 
52,440 mtpd, operating one shift per day. The curve includes all costs associated 
with the acquisition and installation of the necessary cones, pumps, cyclones, 
sumps, and distributors. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cCoSt....e.. 9% 
Construction supply cost..... 7% 
Purchased equipment coSt..... 83% 
Transportation COSt...cceeees 1% 


A typical breakdown of the major cost components is 


Small Large 
(2,900 to (34,420 to 
34,420 mtpd) 52,440 mtpd) 
CORE Bw clestecistscietecace 7 3% 65% 
PUMPS see's ewe 6 ols ees 164% 142% 
OUNGY ihe oc. e.c16 ware esis 11% 21% 


The total capital cost is (Yq) = 233.383(x)9-933 and is distributed as follows: 


(L) Construction Labor Cost CY 23.338 (x)9-933 


(S) Construction Supply Cost (Yg) = 16.337(x)9-933 
(E) Purchased Equipment Cost (YR) = 193.708(x)9-933 





COST, thousands of dollars 
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6-1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.3. BENEFICIATION 


6.1.3.2.4. GRAVITY SEPARATION 
SLUICING 


The capital cost for sluicing is for the acquisition and installation of equipment 
needed to process gravels containing gold or valuable heavy minerals. The feed for 
the sluicing operation is a slurry that has been prepared by screening with either 
a vibrating or trommel screen, or by hydraulic mining. The cost associated with 
washing, screening, and water distribution is not contained in the capital cost for 
sluicing. 


BASE CURVE 


The total cost is based on a single cost curve having an adjusted feed rate (X), in 
metric tons of feed material per day. The curve is valid for operations between 
160 and 3,320 mtpd, operating three shifts per day. The curve includes all costs 
associated with the acquisition and installation of the necessary chutes and 


sluices. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost.....e. Bletayy4 


Construction supply cost..... 17.54 
Purchased equipment cost..... 67.1% 
Transportation COSt.c.cccccece 262% 


The total capital cost is (Yc) = 15.327(x)9-809 and is distributed as follows: 


(L) Construction Labor Cost (Yz) = 2.176(x)9-809 


(S) Construction Supply Cost (Yg) = 2.836(x)9-809 
(E) Purchased Equipment Cost (Yg) = 10.315(x)0-809 


ADJUSTMENT FACTOR 


Gravel Size Factor The base curve is predicated upon processing -1/4 in gravel. 
The processing of coarser gravel can represent the ability to process a higher 
tonnage through a given sluice if the higher transport velocity for the coarser 
rock is developed by adding more slurry at the same density as used for the 
base case (15% by volume). If the transport velocity is attained by adding 
more water to the same tonnage as treated by the 1/4 in sluice, then no adjust- 
ment is needed. 


To adjust for adding more slurry to transport the larger gravel, multiply the 
cost obtained from the curve by the following factor: 


Gravel size factor (Fg) = 0.316(R)~0+554 
where R = radius of the top size gravel to be processed, in inches. 


COST, thousands of dollars 


55 


Mineral Processing—Capital Costs 


joo ah rbackieb amadads |sed-lodi eelaccdaat nis ci ltas ee 


.809 


0 
Yo= 15.327(X) 





100 1,000 10,000 
MATERIAL, metric tons per day 


6.1.5.2.4. Gravity separation 
SLUICING 


56 
6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.3. BENEFICIATION 


6.1.3.2.-5. GRAVITY SEPARATION 
SPIRALS 


Costs are for the acquisition and installation of spiral concentrating equipment. 
Major items of equipment are spiral concentrators, screens, pumps, and slurry dis- 
tributors. This cost curve does not include equipment for slurry preparation, de- 
watering, drying, or other types of gravity concentration. To incorporate these 
other processes, use the appropriate sections of this handbook. 


For beach sand operations, the feed slurry is often partially dewatered prior to 
spiral concentrating. If this is the case, use the tailings thickening section, 
6.1.4.1.2., of the handbook. 


The cost curves were developed using information from heavy-mineral beach sand op- 
erations. Use of the curves may give less accurate results for other types of de- 
posits or for systems designed by other manufacturers. 


BASE CURVE 
The total cost is based on a single cost curve having an adjusted feed rate (X), in 
metric tons material per day. The curve is valid for operations between 100 and 
25,000 mtpd, operating three shifts per day. The curve includes all costs associ- 
ated with acquisition, freight, and installation of equipment. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost...... 27% 
Construction supply cost..... 13% 
Purchased equipment cost..... 59% 
Transportation COSt..cceccoees 14% 


A typical breakdown of the major cost components is 


Small Large 
(100 to (12,000 to 
12,000 mtpd) 25,000 mtpd) 
SOTGGNS sictelsiele’e cierelevelescle late eratere 21% 8% 
Feed arrangement 
(pumps, piping, etc. )ececece 49% 272% 
Spiral ola steletclers « state feats eravevanere 30% 65% 


The total capital cost is (Yc) = 1,481.236(x)9+738 and is distributed as 
follows: 


(L) Construction Labor Cost (Yz,) = 385.121(x)0-738 


(S) Construction Supply Cost Gcva— 192.561(x) 9-738 
(E) Purchased Equipment Cost (Yg) = 903.554(x)0-738 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.3. BENEFICIATION 


6.1.3.2-6. GRAVITY SEPARATION 
TABLES 


The capital cost of concentrating tables includes the acquisition and installation 
of equipment to concentrate by gravity, ground, or finely crushed, ores or concen- 
trates of copper, gold, lead, potash, tungsten, tin, zinc, or graphite. This sec- 
tion covers the total cost of rougher tables only. If the handbook user desires to 
re-table or clean the product or middlings from this circuit, the curves should be 
entered again with a reduced feed. Typical ratios of circuit feed between rougher 
and cleaner tabling sections are 3:1 or 4:1. The efficiency (and cost) of a tab- 
ling operation is not dependent on the absolute specific gravity of the material 
being concentrated, but on the difference in specific gravity between the valuable 
mineral and the gangue being fed to the tables, as well as on the particle size of 
the feed. This section does not include material handling to and from this cir- 
cuit, which is covered in sections such as grinding, flotation, tailings dewat- 
ering, and drying. 


BASE CURVE 


The total cost is based on a single cost curve having an adjusted feed rate (X), in 
metric tons material per day. The curve is valid for operations between 10 and 
4,000 mtpd, operating three shifts per day. The curve includes all costs associ- 
ated with acquisition and installation of tables and pumps. 


The capital cost derived from the curve is a combination of the following costs; 


Construction labor cost...... 64% 
Construction supply cost..... 6% 
Purchased equipment cost..... 87% 
TranSPOreacion (COSt ic sicicislerelors 1% 


Over the range of the curve, the capital cost consists of the following typical 
ratio of equipment costs: 


TAD. GS cxc-csarosesesanennsecsseral arse cietere ere 82% 
PUMPS cccvcccccccscccsccscccces 182% 


The total capital cost is (Yq) = 1,145.390(x)0-811 and is distributed as 
follows: 


(L) Construction Labor Cost CYpe= 68.723(x)0- 811 


(S) Construction Supply Cost (Ys) 68.723(x)0- 811 


(E) Purchased Equipment Cost (YR) = 1,007.944(x)0- 811 


1,000 


100 


COST, thousands of dollars 
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6-1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.3. BENEFICIATION 


6.1.3.3. HEAVY-MEDIA SEPARATION 


Costs are for acquisition and installation of the heavy-media circuit equipment. 
Major items of equipment are heavy-media drums, screens, conveyors, demagnetizing 
coils, densifiers, pumps, and magnetic separators. The cost curves are based on 
operations that are low in slimes; consequently, thickeners for medium cleaning are 
not included in the costs. To incorporate thickeners within the circuit to handle 
ore containing slimes, use section 6.1.4.1.1. (concentrate thickening) and adjust 
the cost using the settling area for ferrosilicon. Also, the cost curves are de- 
rived for dynamic drum heavy-media systems that use only magnetite or ferrosilicon 
as media. Dyna Whirlpool and static systems (OCC) are not included in the curves, 
nor are circuits that use barite, sand, or galena as media. 


BASE CURVE 
The total cost is based on a single cost curve having an adjusted feed rate (X), in 
metric tons of feed per day. The curves are valid for operations between 400 and 
10,000 mtpd, operating three shifts per day. The curve includes all costs associ- 
ated with acquisition, freight, and installation of the equipment. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor coSt...e.. 214% 
Construction supply cost..... 12% 
Purchased equipment cosSt..... 654 
Transportation COSteccccccces 24 


A typical breakdown of the major cost components is 


Small Large 
(400 to (5,200 to 
5,200 mtpd) 10,000 mtpd) 
SCTEENS ees 6000 000ees 0 ceo events 104 3% 
PUMPS cccccccccccccessccccccecs 6% 2% 
CONVEYOTSe cccccccecccccvccece 11% 3% 
Magnetic separatorS..ccocceceee 12% 1% 
Heavy-media equipment......e. 614% 91% 


The total capital cost is (Yq) = 3, 763.892 (x)0-742 and is distributed as 
follows: 


(L) Construction Labor Cost (Yyz,) = 790.417(x)0-742 


451.667 (x)9-742 


(S) Construction Supply Cost (Ys) 


(E) Purchased Equipment Cost (YR) = 2,521.808(x)9-742 
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ADJUSTMENT FACTOR 


Cone Separation Factor If heavy-media cone separators are to be used, multiply the 
cost obtained from the curve by the following factor: 


Cone separation factor (Fc) = 0.9 


COST, thousands of dollars 
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6-1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.3. BENEFICIATION 


6.1.3.4.1. MAGNETIC SEPARATION 


The costs are for acquisition and installation of low-intensity wet magnetic separ- 
ation equipment. Major items include magnetic separators, screens, slurry pumps, 
and miscellaneous materials. The curve does not include costs for dewatering, de- 
sliming, tramp-iron removal, or grinding and regrinding. If any of these processes 
are to be included within the circuit, the appropriate section of this handbook 
should be used. This section is based on large taconite operations that use low- 
intensity, wet magnetic separation. For smaller operations, or operations using 
other types of magnetic processing, the curve is less accurate. 


BASE CURVE 
The total cost is based on a single cost curve having a daily adjusted feed rate 
(X), in metric tons feed per day. The curve is valid for operations between 4,000 
and 80,000 mtpd, operating three shifts per day. The curve includes all costs as- 
sociated with acquisition, freight, and installation of the equipment. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost...... 2% 
Purchased equipment cost..... 96% 
Transportation COStecccccccee 2% 


A typical breakdown of the major cost components is 


Small Large 
(4,000 to (10,000 to 
10,000 mtpd) 80,000 mtpd) 
SCTEENSesceseesdescevsomeocese 3% 82% 
PumpGidewecc cetete es er cristo nt ess 8% 8% 
Magnetic separatorSe.cccccocece 89% 84% 


The total capital cost is (Yq@) = 4,597-000(x)9- 668 and is distributed as 
follows: 


(L) Construction Labor Cost (Yz) = 91.940(x)9-668 


(E) Purchased Equipment Cost (Y= 4, 505-060 (x) 9-668 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.3. BENEFICIATION 


6-1.3-4.2. HIGH-INTENSITY MAGNETIC SEPARATION 
WET (WHIMS) 


The capital cost for high-intensity magnetic separation is for the acquisition and 
installation of equipment needed to produce a magnetic concentrate from an ore or 
concentrate. The high-intensity magnetic separation unit operation has been divided 
into two sections, wet and dry. For both sections the cost includes the cost for 
the magnetic separator and the necessary materials handling equipment. The total 
cost is based on a single cost curve having an adjusted feed rate (X), in metric 
tons dry feed to the magnetic separation circuit per day. The curve is valid for 
operations between 2,100 and 47,000 mtpd, operating three shifts per day. 


BASE CURVE 


The base curve is predicated on processing a hematite bearing ore through wet high- 
intensity magnetic separators (WHIMS). The base curve assumes a three-shift-per- 
day operation with an availability of 95%. The base curve is for a single stage of 
magnetic separation. The total cost includes the costs associated with the acqui- 
sition and installation of the oversize removal screens, feed pumps, feed distrib- 
utors, tailings collection, middling collection and final product collection. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost.... 2.34% 
Construction supply cost... 1.54 
Purchased equipment cost... 95.74% 
Transportation CoSte.ccccces 0.54 


The total capital cost is (Yc wry) = 515-411(x)9-970 and is distributed as 
follows: 


(L) Construction Labor Cost (Yz, wer) = 11.855(x)0-970 


(S) Construction Supply Cost (Yg wr) = 10.308(x)9+970 
(E) Purchased Equipment Cost (Yg wre) = 493-248(x)9-970 


ADJUSTMENT FACTORS 


Additional Cleaner Stage Factor To produce a higher quality product, a cleaner 
stage may be added to the base curves. To adjust for the addition of a cleaner 
stage, multiply the cost obtained from the curve by the following factor: 


Additional cleaner stage factor (Fo) wag URRY R 


Feed Rate Factor The WHIMS can be used as a scavenger rather than a primary recov- 
ery device. The maximum feed that a WHIMS can handle is a function of mineral- 
ogy, ore size distribution, slurry density, magnetic properties of solids. The 
base case assumes a feed rate of 115 mtph to a double rotor, 3.17 m wide WHIMS. 
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To adjust for different feed rates, the base curve should be multiplied times 
the following factor: 


Feed rate factor (Fp) = 97.867 (R)—0- 966 
where R = new feed rate, in metric tons per hour. 


While there are no hard and fast guidelines for feed rates for different com- 
modities, the following can be utilized as approximate guidelines: 


Commodity mtph 
Gold Tailings @eeeeeoeeseeoaeesvseeesee ee @ @ 70 
Chromite. @eeeeeoeeveeveeeeseoeaeeeeeeee @ 50 


Iron Ore Tailings..cccoccccees 90 


100,000 


COST, thousands of dollars 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.3. BENEFICIATION 


6.1.3.4.3. HIGH-INTENSITY MAGNETIC SEPARATION 
DRY 


The capital cost for high-intensity magnetic separation is for the acquisition and 
installation of equipment needed to produce a magnetic concentrate from an ore or 
concentrate. The high-intensity magnetic separation unit operation has been divided 
into two sections, wet and dry. For both sections the cost includes the cost for 
the magnetic separator and the necessary materials handling equipment. The total 
cost is based on a single cost curve having an adjusted feed rate (X), in metric 
tons dry feed to the magnetic separation circuit per day. The curve is valid for 
operations between 80 and 900 mtpd, operating three shifts per day. 


BASE CURVE 


The dry high-intensity magnetic separation cost curve is based on recovering ilmen- 
ite from an ore or concentrate in metric tons (X) per day to the magnetic separation 
circuit. The base curve assumes a three-shift-per-day operation with a 95% availa- 
bility. The total cost includes the costs associated with the acquisition and in- 
stallation of feed bins, magnetic separators, tailings conveyor, product conveyor, 
and product storage bin. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost.... 4.4% 
Construction supply cost... 6.8% 
Purchased equipment cost... 87.7% 
Transportation CoSteccecceee 1.14% 


The total capital cost is (Y¢ pry) = 1,513.748(x)9-945 and is distributed as 
follows: 


(L) Construction Labor Cost (Yz, pry) = 66-605(x)9+945 


(S) Construction Supply Cost (Yg pry) = 102.935(x)9-945 


(E) Purchased Equipment Cost (Yp pry) = 1,344.208(x)0-945 
ADJUSTMENT FACTOR 


Feed Rate Factor The base curve is based on feeding a high intensity induced roll 
separator at a feed rate of 25.8 kg/h per centimeter of roll length. The feed 
rate can vary from 9 to 179 kg/h per centimeter depending on the application. 
For the strategic commodities, the range is narrower at 18 to 55 kg/h per cen- 
timeter. To adjust for different feed rates, multiply the cost obtained from 
the curve by the following factor: 


Feed rate factor (Fp) = 21.437 (F)—0+- 943 
where F = new feed rate, in kilograms per hour per centimeter of roll 


length 


COST, thousands of dollars 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.3. BENEFICIATION 


6.1.3.5. PHOTOMETRIC SEPARATION 


The capital cost for photometric separation is for the acquisition and installation 
of equipment needed to separate economic minerals from waste, based on a visual dif- 
ference between these components. The photometric separation circuit consists of 
photometric sorters and related equipment such as conveyors and air compressors. 


BASE CURVE 


The total cost is based on a single cost curve having a capacity rate (X), in metric 
tons of feed material to the sorter circuit per day. The curve is valid for opera- 
tions between 925 and 7,280 mtpd, operating on a continuous basis. The curve in- 
cludes all costs associated with the acquisition and installation of the photo- 
metric separation circuit. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost.... 2.64% 
Construction supply cost... 1.74% 
Purchased equipment cost... 94.9% 
Transportation COSteccecene 0.84 


The total capital cost is (Yc) = 1,598.528(x)9-912 and is distributed as 
follows: 


(L) Construction Labor Cost (Y,) = 47.956(x)9-912 


31.971 (x)0- 912 


(S) Construction Supply Cost (Yg) 
(E) Purchased Equipment Cost (YR) = 1,518.602(x)9-912 


COST, thousands of dollars 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.4. SOLID-LIQUID SEPARATION 


6.1.4.1.1. SEDIMENTATION 
CONCENTRATE THICKENING 


The capital cost for concentrate thickening covers all earthwork, construction of 
tank, purchase and installation of pumps, drive mechanism, and rake. The curve does 
not apply to high capacity, tray, middling, or deep cone thickeners, or to clari- 
fiers or counter-current decantation arrangements. The cost is based on a three- 
shift-per-day operation utilizing a settling area of 0.77 m2/mt of dry thickener 
feed per day (7.5 ft2/st). Costs are based on a slurry feed of 25% solids being 
thickened to 50% solids. 


The thickeners used in this section have tanks of mild steel or concrete. No hy- 
drocyclones are used in conjunction with the thickeners costed in this section. 


If more than one concentrate is being produced and thickened, the curves should be 
entered as often as necessary using the appropriate daily tonnage rates and unit 
area settling rates. 


BASE CURVE 
The total capital cost is based on a single cost curve having an adjusted feed rate 
(X), in dry metric tons of thickener feed per day. The curve is valid for opera- 
tions between 5 and 100,000 mtpd, operating three shifts per day. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost...... 354 
Construction supply cost..... 18% 
Purchased equipment cost..... 464 
Transportation COSt...ccccoee 1% 


A typical breakdown of the major cost components is 


Small Large 
(5 to (1,1203to 
1,120 mtpd) 100,000 mtpd) 
Pumps, mechanisms, rakeS..cccceece 8% 1% 
316-L stainless steel tank, earth 
work and concrete work..ccccccces 92% 99% 


The total capital cost is (Yq) = 5,465-673(X)9-625 and is distributed as 
follows: 


(L) Construction Labor Cost (Yyz) = 1,912.986(x)9-625 


(S) Construction Supply Cost (Yg) = 983.821(x)9+625 
(E) Purchased Equipment Cost (Y,) = 2,568. 866 (x) 9°625 
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ADJUSTMENT FACTORS 
Thickener Tank Construction Material Factor A diversity of construction methods and 
resulting materials of fabrication or concrete are used for thickener tanks. 
If mild steel or concrete is not used, multiply the supplies portion of the 
cost obtained from the curve by one of the following factors: 


Mild steel with rubber-lining: 


Thickener tank construction material factor (Fp) = 1.026(x)9+166 
316-L stainless steel tanks: 

Thickener tank construction material factor (Fg) = 2.045(x)9-131 
Wood-staved tanks: 

Thickener tank construction material factor (Fy) = 0.933(x)9-086 


where X = dry thickener feed, in metric tons per day. 


Wood-staved tanks are not ordinarily constructed in diameters larger than 
100 feet; therefore, the adjustment factor for wood-staved tanks is valid 
only for capacities less than or equal to 800 mtpd. (Conversion from gal- 
lons per day to metric tons per day is: gallons per day/896.18 = metric 
tons per day.) 


Mechanism Construction Material Factor To determine the capital cost of the thick 
ener mechanism if the characteristics of the feed slurry require the rakes to 
be protected, multiply the mechanism cost by the following factor: 


= 


Mechanism construction material factor (Fc pyBBER-COATED fs 
1.50 


he 
Fo STAINLESS STEEL? ~ 


\m il 


Flocculant Factor Flocculants may be added to the thickener to increase the set 
tling rate of particles in the slurry, with the result that thickener diameter, 
and corresponding effective settling area required per ton of tailings slurry, 
may also be reduced. This can, in turn, increase capacity of an existing thick- 
ener. If flocculant is added to an existing thickener, add the following costs 
to the total capital cost: 


Flocculant factor  (Yp gmarz) = 10,737-544(x)0+382 
(Yp parce) = 1; 016.462 (x)0+ 712 
where X = dry thickener feed, in metric tons per day. 


This added cost is for preparing the equipment and for adding 3 milligrams per 

liter of polymer as an emulsion to the thickener, required piping, buildings to 
house the equipment and store the reagents, and preparation, feed, and storage 

equipment. 


High-Rate Thickener Factor If a High-rate design is chosen over a standard bridge- 
support design for an operation having the same pulp-handling capacity, multi- 
ply the cost obtained from the equipment purchase cost portion of the curve by 
the following factor: 


High-rate thickener factor (Fy) = 0.38 
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Additionally, installation cost of the conventional units will be substantially 
higher than that of the smaller high-capacity units. 


Settling Area Adjustment To adjust the capital cost for settling areas differing 
from the base value of 0.77 m2/mtpd, multiply (X), metric tons of dry thick- 
ener feed per day, by the following factor: 


Settling area adjustment (F,) = (U/0.77) 
where U = unit area or actual solids loading, in square meters per metric 
ton per day (see table A-l in the appendix). 


This new value must be used in place of (X) in the base equation when calcu- 
lating new costs. 


COST, thousands of dollars 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6-1.4. SOLID-LIQUID SEPARATION 


6.1.4.1.2. SEDIMENTATION 
TAILINGS THICKENING 


Included in this section are costs of preliminary tailings dewatering via conven- 
tional thickening to reduce the slurry volume prior to transportation to the tail- 
ings pond. The cost curves are applicable to dewatering directly from the pond and 
only with extreme discretion to alternative systems necessary for thickening prob- 
lem slurries, such as red-mud slurries resulting from bauxite processing or slimes 
slurries from phosphate processing. Also, the curves are not applicable to shaker 
screens, high-speed vibrators, centrifuges, filters, cyclones, etc. The cost is 
based on a three-shift-per-day operation utilizing a settling area of 0.77 m2/mt 

of dry thickener feed per day (7.5 ft2/st). Costs are based on a slurry feed of 
254 solids being thickened to 50% solids. 


The thickeners used in this section have tanks of mild steel and/or concrete. No 
hydrocyclones are used in conjunction with the thickeners costed in this section. 


BASE CURVE 
The total capital cost is based on a single cost curve having an adjusted feed rate 
(X), in dry metric tons of thickener feed per day. The curve is valid for opera- 


tions between 5 and 100,000 mtpd, operating three shifts per day. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost...... 35% 
Construction supply coSt..... 18% 
Purchased equipment cost..... 46% 
Transportation COSteccccccces 1% 


A typical breakdown of the major cost components is 


Small Large 
(5 to (1,120 to 
1,120 mtpd) 100,000 mtpd) 
PUMP 8 1s ws'eteteretelene ateteleleleratsiel ele istel sie\s otele 8% 1% 
316-L stainless steel tank, earth 
work and concrete work.eccecccccee 92% 99% 


The total capital cost is (Yc) = 5, 465-673(x) 0-625 and is distributed as 
follows: 


(L) Construction Labor Cost (Yjz,) = 1,912.986(x)9-625 


(S) Construction Supply Cost (Ys) 983.821(x)9-625 


(E) Purchased Equipment Cost (Yg) = 2,568.866(x)9-625 
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ADJUSTMENT FACTORS 


Shift Factor The capital cost equation is based upon a maximum operational effec 
tiveness only possible with a three-shift-per-day operation. Tailings thick- 
eners are not designed to operate on fewer shifts per day on a regularly sched- 
uled basis; therefore, no shift adjustment is made. 


Thickener Tank Construction Material Factor A diversity of construction methods and 
resulting materials of fabrication or concrete are used for thickener tanks. 
If mild steel is not used, multiply the supplies portion of the total capital 
cost by one of the following factors: 


Mild steel with rubber-lining: 


Thickener tank construction material factor (Fp) = 1.026(x)9-166 
316-L stainless steel tanks: 

Thickener tank construction material factor (Fg) = 2.045(x)9-131 
Wood-staved tanks: 

Thickener tank construction material factor (Fw) = 0.933(x)9-086 


where X = dry thickener feed, in metric tons per day. 


Wood-staved tanks are not ordinarily constructed in diameters larger than 
100 ft; therefore, the adjustment factor for wood-staved tanks is valid 
only for capacities less than or equal to 800 mtpd. (Conversion from gal- 
lons per day to metric tons per day is: gallons per day/896.18 = metric 
tons per day.) 


Mechanism Construction Material Factor To determine the capital cost of the thick 
ener mechanism if the characteristics of the feed slurry require the rakes to 
be protected, increase the mechanism cost by 25% for rubber-coated steel rakes 
and by 504 for stainless steel. 


Flocculant Factor Flocculants may be added to the thickener to increase the set 
tling rate of particles in the slurry, with the result that thickener diameter, 
and corresponding effective settling area required per ton of tailings slurry, 
may also be reduced. This can, in turn, increase capacity of an existing 
thickener. If flocculant is added to an existing thickener, add the following 
costs to the total capital cost: 


Flocculant factor (Yp gmarz) = 10,737-544(x)0-382 
(YP LARGE) lL 016.462 (x)9- 712 
where X = dry thickener feed, in metric tons per day. 


This added cost is for preparing the equipment and for adding 3 mg/L of polymer 
as an emulsion to the thickener, required piping, buildings to house the equip- 
ment and store the reagents, and preparation, feed, and storage equipment. 


High Rate Thickener Factor If a High rate design is chosen over a standard bridge- 
support design for an operation having the same pulp-handling capacity, multi- 
ply the cost obtained from the equipment purchase cost portion of the curve by 
the following factor: 
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High-rate thickener factor (Fy) = 0.38 


Additionally, installation cost of the conventional units will be substantially 
higher than that of the smaller high-capacity units. 


Settling Area Factor To adjust the capital cost for settling areas differing from 
the base value of 0.77 m2/mtpd, multiply (X), metric tons of dry thickener 


feed per day, by the following factor: 


Settling area factor (Fa) = (U/0.77) 
where U = unit area or actual solids loading, in square meters per metric 


ton per day 


This new value must be used in place of (X) in the base equation when calcu- 
lating new costs. 


See table A-l for thickener application unit areas. 


Amorphous or Colloidal Tailings Factor To adjust the capital cost for amorphous or 


colloidal tailings that may have an underflow concentration of dry solids of 
less than 30%, multiply (X), metric tons of dry thickener inflow by the follow- 
ing factor, only if the above settling area factor is not used: 


Amorphous or colloidal tailings factor (Fc) = 2.1 


COST, thousands of dollars 


10,000 


1,000 


100 


10 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.4. SOLID-LIQUID SEPARATION 


6.1-4.1.3. SEDIMENTATION 
COUNTERCURRENT DECANTATION 


The capital cost for the countercurrent decantation circuit is based on the utili- 
zation of high-capacity thickeners for the acquisition and installation of equip- 
ment. The countercurrent decantation circuit includes thickener mechanisms and 
pumps for four-stage circuit at a settling area of 0.06 m2/mt of feed per day. 


BASE CURVE 


The total cost is based on a single cost curve having a daily adjusted feed rate 
(X) in metric tons concentrate per day. The curve is valid for operations between 
175 and 5,500 mtpd, operating three shifts per day. The curve includes all costs 
as- sociated with the acquisition and installation of the necessary pumps and 
thick- eners. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost.... 13.9% 
Construction supply cost... 19.04 
Purchased equipment cost... 66.34 
Transportation CoSteccccece 0.84 


The total capital cost is (Yc) = 18, 344.853(x)9°579 and is distributed as 
follows: 


(L) Construction Labor Cost Gram 2, 568-208 (x)09+579 
(S) Construction Supply Cost (Yg) = 3,485.426 (x)9-579 


(E) Purchased Equipment Cost (YR) 
ADJUSTMENT FACTORS 


12,290. 711(x)0-579 


Shift Factor The curve is based on a three shift per day operation. Typically, 
countercurrent decantation circuits are operated on a continuous basis to 
maintain steady flow rates between the individual thickener units. No adjust- 
ment factor for a one or two shift operation is recommended for this unit pro- 
cess. 


Number of Thickener Units Factor The base curve consists of four-unit counter 
current decantation circuit. To adjust the base curve for other than four 
thickener units, multiply the cost obtained from the curve by the following 
factor: 


Number of thickener units factor (Fy) = 0.234(U)+0.064 
where U = total number of thickener units. 
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Settling Area Factor The base curve is based on a settling area of 0.06 m2/mt of 
feed per day. To adjust the base curve for different settling areas, add the 
following factor to the total capital cost: 


Settling area factor (Fa) = 98,000,000(A)-5, 880, 000 
where A = actual settling, in square meters per metric ton of feed per day. 


Conventional Thickener Factor The curve is based on the utilization of high capac- 
ity thickeners. To adjust the base curve for conventional thickeners, multiply 
the cost obtained from the curve by the following factor: 


Conventional thickener factor (Fo) = 1.59 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.4. SOLID-LIQUID SEPARATION 


6-1.4.2.1. CONCENTRATE FILTRATION 
VACUUM, DISK, AND DRUM FILTRATION 


The capital cost for concentrate filtration only covers the acquisition and instal- 
lation of continuous-vacuum filtration equipment. In particular, the cost applies 
to rotary-disk filter equipment; however, for drum-type or horizontal filter equip- 
ment, the cost still represents an approximation. 


In addition to the disk-filtration machines themselves, the equipment accounted for 
in this section consists of wet-type vacuum pumps, filtrate pumps, slurry pumps, 
air blowers, belt conveyors, and all associated piping and filtrate-receiving fa- 
cilities. If wet-type vacuum pumps are not employed by the user, then the addi- 
tional cost of any necessary moisture traps, barometric legs, and associated piping 
should be added to the filtration base curve cost. Furthermore, if auxiliary steam 
drying is to be utilized, the extra cost of the required steam hoods and associated 
equipment should also be added to the curve's base cost. 


BASE CURVE 


The total cost is based on a single cost curve having a output rate (X), in metric 
tons concentrate per day. The curve is valid for operations between 5 and 60,000 
mtpd, operating three shifts per day. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost.... 12% 
Construction supply cost... 18% 
Purchased equipment cost... 67% 
Transportation COSt.ccccece 3% 


The capital cost consists of the following typical range of major equipment costs: 


Small Large 
(5 to (30,000 to 
30,000 mtpd) 60,000 mtpd) 
Disk-filtration machines.... 604% 564 
VaCuuM PumMpSececceccccccccccece 12% 33% 
Filtrate pumpS..ccccccccvecece 2% 2% 
Slurry PuMPS.ccoccccccccccvecs 3% 3% 
Air blowerSecccccccccccccecs 2% 2% 
Belt CONVEYOrSe cccccccccccce 21% 4% 


The total capital cost is (Yq) = 5, 716.967(x)9-650 and is distributed as 
follows: 


(L) Construction Labor Cost (Yyz,) = 743.206(x)0-650 


(S) Construction Supply Cost (Yg) = 1,086.224(x)09-650 
(E) Purchased Equipment Cost (Yx) = 3, 887.538 (x)9+650 
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ADJUSTMENT FACTORS 


Filtration Rate Factor The capital cost curve is predicated on a filtration rate of 
490 kg/m2/h (approximately 100 1b/ft2/h). To allow for a different filtra- 
tion rate, multiply the cost obtained from the curve by the following factor: 


Filtration rate factor (Fp) = (R)9+650/56.057 
where R = actual filtration rate. 


Pressure Filter Factor To adjust the capital cost for the substituted use of auto 
matic pressure filters (e.g., Larox or Lasta-type filter presses), multiply the 
cost obtained from the curve by the following factor: 


Pressure filter factor (Fp) = 1.71 


COST, thousands of dollars 


10,000 


1,000 


100 


10 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.4. SOLID-LIQUID SEPARATION 


6.1.4.2.2. CONCENTRATE FILTRATION 
PRESSURE FILTRATION--SAND 


The capital cost for pressure filtration is for the acquisition and installation of 
the equipment needed to produce a clarified solution. The total cost is based on a 
single cost curve having an adjusted feed rate (X), in metric tons of solution per 
day. The curves are valid for operations between 1,900 and 31,900 mtpd, operating 
three shifts per day. The pressure filtration circuit includes feed pumps, pres- 
sure filters, backwash pumps (when needed) and precoat packages. 


BASE CURVE 


The base curve for sand filtration is predicated on processing an unclarified solu- 
tion containing up to 200 ppm of suspended solids. The specific flow rate for the 
sand filters was 12 gpm/ft* of filter area. The filters are constructed of mild 
steel and are suitable for noncorrosive service. 


The cost curves include all the costs associated with the acquisition and installa- 
tion of the necessary feed pumps, sand filters, and backwash pumps. Not included 
are unclarified solution and clarified solution storage. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost.... 3.7% 
Construction supply cost... 2.8% 
Purchased equipment cost... 92.64% 
Transportation CoSt.r.ccecooe 0.9% 


The total capital cost is (Yq) = 38.651(x)0-980 and is distributed as follows: 


(L) Construction Labor Cost (Yz) = 1.546(x)9-980 


(S) Construction Supply Cost (Yg) = 1.198 (x) 0-980 
(E) Purchased Equipment Cost (YR) = 35.907(x)09-980 


In examining the above cost distribution, it is important to note that the sand 
filters represent 704 to 80% of the total cost and that the filters are supplied as 
a skid mounted unit, which requires minimal labor to install. 


ADJUSTMENT FACTORS 


Sand Filter Factor There are two adjustment factors for the sand filter: 
(1) specific flowrate and (2) construction material for corrosive resistance. 
The capital cost for the base curve is based on a flowrate of 12 gpm per square 
foot of filter area. To adjust the base curve for other flowrates, multiply 
the cost obtained from the curve by the following factor: 
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Sand filter factor (Fp) = (12/8) 
where S = new specific flow rate, in gallons per minute per square foot of 
filter media. 


Acid Circuit Factor The use of sand filters in an acid circuit (sulfuric or hydro 
chloric) will raise the capital cost. To adjust for an acid circuit, multiply 
the cost obtained from the curve by the following factor: 


Acid circuit factor CFA eeae12 
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6-1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.4. SOLID-LIQUID SEPARATION 


6-1-4.2.3. CONCENTRATE FILTRATION 
PRESSURE FILTRATION-—PRECOAT 


The capital cost for pressure filtration is for the acquisition and installation of 
the equipment needed to produce a clarified solution. The total cost is based on a 
single cost curve having an adjusted feed rate (X), in metric tons of solution per 
day. The curves are valid for operations between 2,100 and 16,100 mtpd, operating 
three shifts per day. The pressure filtration circuit includes feed pumps, pres- 
sure filters, backwash pumps (when needed), and precoat packages. 


BASE CURVE 


The base curve for precoat filtration is predicated on utilizing vertical leaf 
pressure precoat filters. The solution to be processed can contain up to 200 ppm 
of suspended solids. The specific flow rate for the precoat filter was 0.6 
gpm/ft+ of filter area. The filters are constructed of mild steel. 


The cost curves include all the costs associated with the acquisition and installa- 
tion of the necessary feed pumps, precoat tanks and agitation, body feed tanks and 
agitation, sludge disposal tanks, and pump and precoat filters. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost.... 4.4% 
Construction supply cost... 2.34% 
Purchased equipment cost... 92.64 
Transportation COSt.ccccoce 0.74 


The total capital cost is (Yq) = 1,171.876(x)9-658 and is distributed as 
follows: 


(L) Construction Labor Cost (Yz,) = 51.563(x)9+658 


(S) Construction Supply Cost (Yg) = 35.156(x)9-658 


(E) Purchased Equipment Cost (Yg) = 1,085.157(x)9-658 


In examining the above cost distribution, it is important to note that the precoat 
filters represent 754 of the total cost and are supplied as a skid-mounted unit 
which requires minimal installation cost. 


ADJUSTMENT FACTOR 


Precoat Filter Factor The capital cost for the base curve is based on a flow rate 
of 0.6 gpm per square foot of filter media. To adjust for flow rates other 
than 0.6 gpm, multiply the cost obtained from the curve by the following factor: 


Precoat filter factor (Fp) = (0.6/S) 
where S = new specific flowrate, in gallons per minute per square foot of 
filter media. 
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COST, thousands of dollars 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.4. SOLID-LIQUID SEPARATION 


6-1.4.2.4. CONCENTRATE FILTRATION 
CENTRIFUGAL FILTRATION 


The capital cost of centrifugal filtration is calculated from estimated daily solid 
feed, and based on screen-bowl-type centrifuges. Screen bowl centrifuges are nor- 
mally used for feeds without an excess of minus 325 mesh fines. They are consid- 
ered high-output units noted for their ability to produce a drier product than an 
equivalent capacity vacuum filter, and have the added advantage of being able to 
wash the filter cake. The costs for this curve are based on stainless steel screen 
bowl units with ceramic facing on high wear areas such as scrolls, inlets, and 
screens. If liquid clarification, desliming, or slurry dewatering are required, 
solid bowl centrifuges are usually specified. See the adjustment factor section 
for such uses. 


The total cost is based on a single cost curve having a production rate (X), in 
metric tons of solids handled per day. The curve is valid for operations between 5 
and 30,000 mtpd, operating three shifts per day. 


BASE CURVE 
Total capital cost accounts for purchase and installation of necessary centrifuges 
and motors to handle the expected feed. Charges for shipping, handling, setting, 
aligning, foundation preparation, frame construction, instrumentation, wiring, pip- 


ing, site clean up, and sales tax are all included. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cCoSt...ece 15% 
Construction supply cost..cc. 22% 
Purchased equipment CoSt.ecee. 6 3% 


The total capital cost is (Yq) = 2,339.982(x)9-835 and is distributed as 
follows: 


(L) Construction Labor Cost (Yyz,) = 350.997(x)0-835 


514.796 (x)0-835 


(S) Construction Supply Cost (Yg) 


(E) Purchased Equipment Cost (Yg) = 1,474.189(x)0-835 
ADJUSTMENT FACTORS 


Solid Bowl Centrifuge Factor In situations where water clarification is required, 
or excessive fines must be dewatered, a solid bowl centrifuge is often called 
for. If solid bowl centrifuges are used, multiply the equipment portion of the 
capital cost by the following factor to account for the difference in equipment 
prices: 


Purchased equipment factor (Fp) = 0.873 
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Installation and construction labor and supply costs will generally remain con- 
stant. 


Abrasive or Corrosive Feeds Factor If abrasive or corrosive feeds are anticipated, 
centrifuges are often constructed from materials other than stainless steel. 
These materials and their costs vary greatly. However, based on a machine con- 
structed of nickel alloy (Monel), multiply the purchased equipment portion of 
the capital cost by the following factor to account for increased material cost; 


Purchased equipment factor (FR) = 0.549(x)0-133 
where X = solids handled, in metric tons per day. 


Installation and construction labor and supply costs will generally remain con- 
stant. 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 

6.1.4. SOLID-LIQUID SEPARATION 

6.1.4.3. CONCENTRATE DRYING 

Drying capital costs are for the acquisition and installation of equipment for dry- 
ing concentrate on a 24-h/d basis. Major items of equipment are rotary-drum dry- 
ers, cyclone dust collectors, wet scrubbers, vapor fans, and conveyors. 

BASE CURVE 

The total cost is based on a single cost curve having a feed rate (X), in metric 
tons of dry concentrate per day. The curve is valid for operations between 4 and 


8,000 mtpd, operating three shifts per day. 


The capital cost derived from the curve is a combination of the following costs: 


Small Large 
(4 to (400 to 
400 mtpd) 8,000 mtpd) 
Construction labor coSt..ec.ee. 19% 154 
Construction supply cost..... 104 8% 
Purchased equipment cost..... 71% 77% 


The capital cost consists of the following typical range of equipment costs; 


Small Large 
(4 to (400 to 
400 mtpd) 8,000 mtpd) 
Dryers (and related equipment ).. 88% 95% 
CONVECYOLS cise cls + sis sou pivle cou cies e 12% 5% 


The total capital cost is (Yq gary) = 64,759-148(xX)9-333 and is distributed as 
follows: 


(L) Construction Labor Cost (Yq, gmazz) = 11,009.055(x)0-333 


(S) Construction Supply Cost (Yg gmazz) = 5,180.732(x)9+333 


(E) Purchased Equipment Cost (YR gmari) = 48,569-361(x)9-333 


The total capital cost is (Yc parcR) = 47,412-206(x)9°370 and is distributed as 
follows: 


(L) Construction Labor Cost (Yyz, parc) = 8,060.075(x)0+370 


(S) Construction Supply Cost (Yg rarcr) = 3,792.977(X)9+370 


(E) Purchased Equipment Cost (YR parcE) = 35,559-154(x)9-370 


95 
ADJUSTMENT FACTOR 


Shift Factor The curve is based on a three-shift-per-day operation. Because it 
would be impractical to operate a dryer less than 24 hpd (because of the large 
heat losses connected with starting up and shutting down), no shift adjustment 
factors should be used. 


COST, thousands of dollars 


10,000 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.4. SOLID-LIQUID SEPARATION 


6.1.4.4. TRANSPORT AND PLACE TAILINGS 


The cost curve is for acquisition and installation of the equipment and materials 
required to transport tailings in a slurry composed of 50% solids to a disposal 
pond. Major items included in the curve are pumps, cyclones, and steel pipe. The 
pipe has been sized so that the average total head is 30 m, including a static head 
of 15 m. The pipeline length for the base curve is 1 kn. 


BASE CURVE 


The total cost is based on a single cost curve having a disposal rate (X), in 
metric tons tailings per day (dry weight equivalent). The curve is valid for oper- 
ations between 100 and 100,000 mtpd, operating three shifts per day. The curve in- 
cludes all costs associated with acquisition and installation of pumps, motors, 
pipeline, and cyclones. 


The capital cost derived from the curve is a combination of the following costs: 


Small Large 
(100 to (10,000 to 
10,000 mtpd) 100,000 mtpd) 
Installation labor cost..cceces 21% 18% 
Installation materials cost.... 514% 28% 
Purchased equipment cost....... 28% 544 


The installation labor cost consists of 91% labor and 9% equipment operation. The 
equipment operation component of the installation labor cost consists of 50% fuel 
and lubrication, 48% repair parts, and 24 tires. 


The capital cost consists of the following typical range of equipment costs: 


Small Large 
(100 to (10,000 to 
10,000 mtpd) 100,000 mtpd) 
PUGS acsisteisit es oteve vis siecate's +i 70% 404 
CYCLONES ses cietslsle ots e's ese 30% 60% 


The total capital cost is (Yq) = 599.252(x)9-630 and is distributed as follows: 


(L) Installation Labor Cost (Yj, gmazy) = 125-842(x)0-630 
(S) Installation Materials Cost (Yo mary) = 305-619(x)9-630 


(E) Purchased Equipment Cost (YR gmary) = 167.791(x)9-630 


(L) Installation Labor Cost (Yq, parcR) = 107.865(x)0-630 
(S$) Installation Materials Cost (Ys yarcR) = 167-791(x)9-630 


(E) Purchased Fquipment Cost (Yp parc) = 323-596 (x)9-630 
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ADJUSTMENT FACTORS 


Gravity Flow Factor If tailings flow by gravity to a ponding area, multiply the 
cost obtained from the curve by the following factor: 


Gravity flow factor (Fg gmarzy) 


0.3 
(Fg LARGE) = 0-5 


Pipeline Length Factor The pipeline is an extra-strength steel pipe 1 km long. For 
other lengths, multiply the cost obtained from the curve by the following 
factor: 


Pipeline length factor (Fy, gmazj) = 


(FL, LARGE) 
where L = length, in kilometers. 


L 
0.6(L) 


Pipeline Type Factor Where concrete pipe is used instead of steel pipe, multiply 
the construction supplies cost by the following factor: 


Construction supplies factor (Fo) 5=2056 


Use of cyclones The curve is based on cyclone use that allows distribution of 
tailings at a rate of 40 mt (dry weight equivalent) per cyclone per hour, 
24 h/d, with a 50% utilization of cyclones. The cyclones are placed on the 
berm of the tailings dam at 9-m intervals. The number of cyclones installed is 
dependent principally on the length of the dam and spacing between the cy- 
clones. If the number of cyclones are known, the costs should be multiplied by 
the following factor: 


Cyclone factor (Fc) = 288(N)/(X) 
where N = desired number of cyclones 
and X = tailings, in metric tons per day. 


If dry tailings are being transported, use a front-end loader and trucks for 
loading and transporting the tailings (see section 2.2.2.6.). 


COST, thousands of dollars 
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6-1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.4. SOLID-LIQUID SEPARATION 
6.1.4.5. WATER RECLAMATION 
The cost curve covers acquisition and installation of equipment and materials re- 
quired to return decanted tailings pond water to the mill. 

BASE CURVE 
The total cost is based on a single curve having a pumping volume (X), in cubic 
meters per day. The curve is valid between the range of 100 and 325,000 n3/d, 
operating three shifts per day. The curve is based on an adjustable head of 16.5 am, 


and for an adjustable pumping distance of 1 kn. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor coSt...... 13% 
Construction supply cosSt..... 64% 
Purchased equipment cost..... 22% 
Transportation COSt.cccccccece 12% 


The capital costs consist of the following typical range of equipment costs for 
small and large operations: 


Small Large 
(100 to (10,000 to 
10,000 m3/d) 325,000 m3/d) 
PU S eile: ieteleletaieisieselaiersicie 78% 624% 
MOUOPEE shove. 5s ole ahele’als erelerarate 22% 38% 


The total capital cost is (Yq) = 2,418.304(x)9-444 and is distributed as 
follows: 


(L) Construction Labor Cost (Y;) = 314.380(x)0-444 
(S) Construction Supply Cost (Yg) = 1,547.714(x)0-444 


(E) Purchased Equipment Cost (Yp) 
ADJUSTMENT FACTORS 


556-210(x) 0-444 


Pumping Distance Factor The capital cost curve is based on a 1 km pumping distance. 
For actual distances, multiply the cost obtained from the curve by the 
following factor: 


Pumping distance factor (Fp) = 0.320+0.680(D) 
where D = actual pumping distance, in kilometers. 


Pumping Head Factor The capital cost curve is based on a 15-meter static head 
(lift) and 1.5-meter friction head. This friction head applies to a 1 km 
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standard steel pipeline. For actual heads, multiply the cost obtained from the 
curve by the following factor: 


Pumping head factor (Fy) = 0.740+0.0158(H) 
where H = actual head (static, friction, velocity, and fitting), in meters. 


For preliminary estimates of (H), add to the actual static head (lift) 1 to 2 m 
for each kilometer of pipeline through which water is pumped. For accurate de- 
terminations of (H), add to the actual static head the sum of friction, veloc- 
ity, and fitting heads obtained from hydraulics handbooks for actual pipe qual- 
ity, pipe diameter, and pipeline pumping distance. 
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COST, thousands of dollars 
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6-1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.5. HYDROMETALLURGY 
6-1.5.1.1. ACID LEACHING 
BERYLLIUM ORE 


The capital cost includes the acquisition and installation of equipment items as- 
sociated with the acid leaching circuit. The capital cost is based on a single 
curve having an adjusted feed rate (X), in metric tons of ore or concentrate leach- 
ed per day. The curve is valid for operations between 85 and 560 mtpd, operating 
three shifts per day. 


BASE CURVE 


The total capital cost for beryllium ore is for the acquisition and installation of 
the purchased equipment items. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost.... 39.54% 
Construction supply cost... 19.3% 
Purchased equipment cost... 40.9% 
Transportation COSt.ccccee. 0.34 


The total capital cost is (Yq) = 44,887.857(x)9+*367 and is distributed as 
follows: 


(L) Construction Labor Cost (Yz,) = 17,730.704(x)09-367 


(S) Construction Supply Cost (Yg) = 8, 663.356 (x) 9°367 
(E) Purchased Equipment Cost CEs 18, 493.797 (x) 0+367 


ADJUSTMENT FACTOR 


Shift Factor The curve is based on a three-shift-per-day operation. Beryllium 
leaching operations would probably operate on a continuous basis to maintain a 
steady flow rate to the subsequent countercurrent decantation (CCD) thickening 
circuit. No shift adjustment factor is recommended for acid leaching of beryl- 
lium ores. 


COST, thousands of dollars 
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6-1. MINERAL PROCESSING--CAPITAL COSTS 
6-1-5. HYDROMETALLURGY 


6.1.5.1.2. ACID LEACHING 
CARBONATE 


The capital cost includes the acquisition and installation of equipment items as- 
sociated with the acid leaching circuit. The capital cost curve is based on a 
single cost curve having an adjusted feed rate (X), in metric tons of ore or con- 
centrate leached per day. The curve is valid for operations between 4 and 1,700 
mtpd, operating three shifts per day. 


BASE CURVE 
The total capital cost is based on a single curve at an adjusted feed rate (X) for 
the acquisition and installation of the purchased equipment items. For the base 
case, it has been assumed that the concentrate contains 5% carbonates as C03, and 


is leached for 4 h. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost.... 42.42% 
Construction supply cost... 16.34 
Purchased equipment cost... 41.04 
Transportation COSteccceoce 0.3% 


The total capital cost is (Yq) = 7,337.140(x)9+541 and is distributed as 
follows: 


(L) Construction Labor Cost (Yz,) = 3,110.947(x)0-541 
(S) Construction Supply Cost (Yg) = 1,195.954(x)0-541 


(E) Purchased Equipment Cost (Yp) 
ADJUSTMENT FACTORS 


3,030.239 (x)0-541 


Leaching Time Factor To adjust the capital cost curve for leaching times other 
than 4 h, multiply the cost obtained from the curve by the following factor: 


Leaching time factor (Fy) = 0.339 (H)9-775 
where H = leach time, in hours. 


Percent Carbonate Factor There is no adjustment factor for concentrates that con 
tain other than 54 carbonates. 
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6-1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.5. HYDROMETALLURGY 


6.1.5.1.3. ACID LEACHING 
COPPER ORE 


The capital cost includes the acquisition and installation of equipment items as- 
sociated with the acid leaching circuit. The capital cost is based on a single 
curve having an adjusted feed rate (X), in metric tons of ore or concentrate leach- 
ed per day. The curve is valid for operations between 3,000 and 10,500 mtpd, oper- 
ating three shifts per day. 


BASE CURVE 


The total capital cost for copper ore is for the acquisition and installation of 
the purchased equipment items. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost.... 20.64 
Construction supply cost... 54.7% 
Purchased equipment cost... 24.3% 
Transportation COSt...cocee 0.44% 


The total capital cost is (Yq) = 1,665-555(x) 9-792 and is distributed as 
follows: 


(L) Construction Labor Cost (Yz,) = 343.104(x)0-792 


(S) Construction Supply Cost (Yg) = 911.059(x)9-792 
(E) Purchased Equipment Cost (Yg) = 411.392(x)9-792 


ADJUSTMENT FACTOR 


Shift Factor The curve is based on a three-shift-per-day operation. Copper leach- 
ing operations would probably operate on a continuous basis to maintain a steady 
flow rate to the subsequent CCD thickening circuit. No shift adjustment factor 
is recommended for acid leaching of copper ores. 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.5. HYDROMETALLURGY 
6-1.5.1.4. ACID LEACHING 
PYROCHLORE 


The capital cost includes the acquisition and installation of equipment items as- 
sociated with the acid leaching circuit. The capital cost is based on a single 
curve having an adjusted feed rate (X), in metric tons of ore or concentrate leach- 
ed per day. The curve is valid for operations between 4 and 170 mtpd, operating 
three shifts per day. 


BASE CURVE 


The total capital cost for pyrochlore concentrate is for the acquisition and in- 
stallation of the purchased equipment items for a two-stage leach circuit. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost.... 24.8% 
Construction supply cost... 8.3% 
Purchased equipment cost... 66.54 
Transportation CoOSt.cccocee 0.44 


The total capital cost is (Yc) = 49,424.843(x)9+342 and is distributed as 
follows: 


(L) Construction Labor Cost (Yz) = 12,257.361(x)0-342 


(S) Construction Supply Cost (Ys) 4,102 -262 (x)0-+342 


(E) Purchased Equipment Cost (YR) = 33,065.220(x)9+342 


ADJUSTMENT FACTOR 
One-Stage Leach Circuit Factor The base curve is based on a two-stage leach cir- 
cuit operation. To adjust for a one-stage leach circuit, multiply the cost ob- 


tained from the curve by the following factor: 


One-stage leach circuit factor (F,) = 0.22 
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6-1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.5. HYDROMETALLURGY 


6.1.5.1.5. LEACHING 
CARBON-IN-PULP 


The capital cost for the carbon-in-pulp (CIP) cyanide leaching process includes ac- 
quisition and installation of all equipment, including pumps, piping, wiring, car- 
bon inventory, etc., necessary to provide thickening; leaching; wood-chip and trash 
removal screening; carbon adsorption, countercurrent transfer, screening, Zadra-type 
stripping, acid treatment, and reactivation by heating and quenching; electrowin- 
ning; scavenger recovery from bleed streams and tailing water; bullion refining and 
casting; and instrumentation, control-system, and computerization. Comminution and 
tailings disposal costs are not included. 


The curve is not applicable to conventional cyanide agitation leaching with Merrill- 
Crowe precipitation; preagglomeration of ores; carbon-in-leach; preoxidation of 
carbonaceous or graphitic ores; carbon in column; autoclave or pressure leaching; 
amalgamation; high-intensity leaching circuitry; vat, heap, or dump leaching; or 
leaching with lixiviants other than cyanide, such as thiourea, thiosulfate, or a- 
queous chlorine. 


BASE CURVE 


The total cost is based on a single cost curve having an adjusted feed rate (X), in 
dry metric tons per day. The curve is valid for operations between 300 and 2,200 
mtpd, operating three shifts per day. The curve includes all costs associated with 
acquisition and installation of the equipment described above. No allowance is 
made for precious metal lockup in solution or on the carbon. 


The cost curve is a combination of the following: 


Small Large 

(300 to (1,100 to 

1,100 mtpd) 2,200 mtpd) 
Construction labor cost..ec.eee 35% 14% 
Construction supply cost....... 30% 23% 
Purchased equipment cost......e.- 35% 544 


The total capital cost is (Yc) = 85,471.000(x)9-617 and is distributed as 
follows: 


(L) Construction Labor Cost (Yq, gmarz) = 29,914.850(x)0-617 


(S) Construction Supply Cost (Yg smazz) = 25,641-300(x)0- 617 
(E) Purchased Equipment Cost (YR smazz) = 29,914-850(x)0- 617 


(L) Construction Labor Cost (Yz, parcR) = 11,965.940(x)9- 617 
(S) Construction Supply Cost (Yg parce) = 27,350-720(x)0- 617 
(E) Purchased Equipment Cost (Yp parc) = 46,154.340(x)0- 617 
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ADJUSTMENT FACTORS 


Carbon-in-Leach Plant Cost The cost of a similarily sized carbon-in-leach (CIL) 
plant may be calculated by the following equation: 


Carbon-in-leach plant cost (Yyz) = 0.750(Y¢) 


where 
(Yq) = capital cost determined from the base curve. 


Heap Leach Cost The capital cost of the facilities needed for auxiliary heap 
leaching process can be estimated to plus or minus 254 in average 1984 dol- 
lars!. The basic equation applies to operations greater than 900 mtpd and 
includes pads, ponds, piping, pumps, and a Merrill-Crowe or carbon adsorption 
recovery plant. Excluded are the costs of exploration, infrastructure (roads, 
water, etc.), preproduction stripping costs (for open pit mines), mining equip- 
ment, crushing-agglomeration equipment, and reclamation. 


The total capital cost of heap leaching facilities may be calculated by the 
following equation: 


Heap leach cost (Yq) = ($1200 to $1400)(x) 
where X = ore processed, in metric tons per day. 


T¢allicutt, W. We Economic Aspects of Heap Leaching. Paper in Evaluation, 
Design, and Operation of Precious Metal Heap Leaching Projects, coordinated by 
D. J. A. Van Zyl (Soc. of Min. Eng. Fall Meeting and Exhibit, Albuquerque, NM, 
Oct. 13-15, 1985). Soc. of Min. Eng., 1985, pp. 39-66. 
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6-1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.5. HYDROMETALLURGY 


6-1.5.1.6. LEACHING 
COPPER DUMP 


Capital costs for copper dump leaching by trickle-spray-leaching to enhance perco- 
lation assumes no clearing costs or auxiliary facilities for recovery of byproducts 
such as uranium or cobalt. A leach time of 6 months is assumed with 2 months fol- 
lowing being allowed for dump "resting" with equipment left in place prior to re- 
sumption of leaching. The resulting pregnant solution is recovered and pumped ap- 
proximately 3,000 m to a solvent extraction and electrowinning operation. Barren 
solution is returned to the leach dump barren-solution tank where pH is adjusted. 
Costs for solvent extraction and electrowinning are not included. 


The dump leach curves are inapplicable to heap leaching, vat percolation leaching, 
in situ leaching, leaching of precious metals, leaching with basic reagents when 
large quantities of acid-consuming materials are present, pachuca tank leaching, 
slime leaching, leach-precipitation-flotation, or injection leaching. Total cap- 
ital cost, however, closely approximates costs for ponding, i.e., flood leaching. 


BASE CURVE 


The capital cost is based on a single curve having a solution feed rate (X), in 
liters per minute. The curve is valid for operations between 3,000 and 12,000 
L/min, operating three shifts per day. The curve includes costs of acquisition, 
transportation, and installation of equipment required for trickle dump leaching, 
collection of the resulting pregnant liquors after passage through the dump, trans- 
fer of the liquors to the solvent extraction pregnant liquor pond, and return of 
barren solution to the dumps. 


The final cost including transportation, derived from the curve is a combination of 
the following costs: 


Construction labor cost...... 19% 
Purchased equipment cost..... 812% 


The capital cost consists of the following range of equipment costs: 


Small Large 
(3,000 to (7,800 to 
7,800 L/min) 12,000 L/min) 
PUMDS <.c'slersle ic erett atecsisiaie 54 8% 
Pipe and couplings... 54% 554 
Ponds icistere cheicietersieieraterere 14% 1% 
TANKS scicisie cield cre'tisteletats 54% 5% 


Vehicles. cteclsisis seis ers 35% 31% 
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The total capital cost is (Yc) = 546,434.952(x)9-126 and is distributed as 
follows: 


(L) Construction Labor Cost (Y z) = 103,822.641(x)0-126 


(E) Purchased Equipment Cost (Yg) = 442,612.311(x)9+126 


116 
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6-1. MINERAL PROCESSING--CAPITAL COSTS 
6-1-5. HYDROMETALLURGY 


6.1.5.1.7. LEACHING 
CONVENTIONAL CYANIDE LEACHING WITH MERRILL-CROWE PRECIPITATION 


The capital cost for cyanide agitation leaching and recovery includes acquisition 
and installation of all equipment, including pumps, piping, instrumentation, 
wiring, etc., necessary for cyanide agitation leaching of 80% minus 200-mesh ore; 
countercurrent decantation; pregnant solution holding; pregnant solution final 
pressure clarification; deaeration including vacuum equipment; Merrill-Crowe zinc 
precipitation; precious metal pressure filtration; carbon column scavenger recovery 
from bleed streams and tailings return water; acid pretreatment of precipitates; 
and bullion refining and casting facilities. Comminution and tailings disposal 
costs are not included. 


The curves cannot be applied to carbon-in-pulp (CIP) mills; preagglomeration of 
ores; carbon-in-leach; preoxidation of carbonaceous or graphitic ores; carbon-in- 
column; autoclave or pressure leaching; amalgamation; high-intensity leaching cir- 
cuitry; vat, heap, or dump leaching; or leaching with lixiviants other than cyanide 
such as thiourea, thiosulfate, or aqueous chlorine. For lower throughputs, the 
curve is applicable to circuitry used for leaching of flotation and/or gravity con- 
centrates. 


Capital cost is not generally affected by variation in feed grade, as is the cap- 
ital cost of similarly sized CIP mills, but is instead largely determined by the 
incoming feed flow rate. 


BASE CURVE 
The total cost is based on a single cost curve having an adjusted feed rate (X), in 
dry metric tons per day. The curve is valid for operations between 5 and 2,800 
mtpd, operating three shifts per day. The curve includes all costs associated with 
acquisition and installation of all equipment described above. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost...... 22% 
Construction supply cost..... 24% 
Purchased equipment cost..... 54% 


The total capital cost is (Y) = 34,913.533(x)9-784 and is distributed as follows: 
(L) Construction Labor Cost (Yz,) = 7,680.977(x)0-784 
(S) Construction Supply Cost (Yg) = 8,379.248(x)0+- 784 


(E) Purchased Equipment Cost (Yg) = 18,853.308(x)0-784 
ADJUSTMENT FACTORS 


Heap Leach Cost The capital cost of the facilities needed for auxiliary heap 
leaching process can be estimated to plus or minus 254 in average 1984 
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dollars!. the basic equation applies to operations greater than 900 mtpd and in- 
cludes pads, ponds, piping, pumps, and a Merrill-Crowe or carbon adsorption recov- 
ery plant. Excluded are the costs of exploration, infrastructure (roads, water, 
etc.), preproduction stripping costs (for open pit mines), mining equipment, crush- 
ing-agglomeration equipment, and reclamation. 


The total capital cost of heap leaching facilities may be calculated by the 
following equation: 


Heap leach cost (Yy) = ($1200 to $1400)(x) 
where X = ore processed, in metric tons per day. 


PP ECT EES OST TR ES 
Callicutt, W. W. Economic Aspects of Heap Leaching. Paper in Evaluation, D- 


esign, and Operation of Precious Metal Heap Leaching Projects, coordinated by D. J. 
A. Van Zyl (Soc. of Min. Eng. Fall Meeting and Exhibit, Albuquerque, NM, 


Oct. 13-15, 1985). Soc. of Min. Eng-s, 1985, PPp- 39-66. 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.5. HYDROMETALLURGY 


6-1.5.1.8. LEACHING 
URANIUM 


The capital cost for uranium leaching includes the acquisition and installation of 
equipment items following fine grinding through the production of uranium concen- 
trate as yellowcake. The cost curve consists of the leaching, countercurrent de- 
cantation, solvent extraction, precipitation, and drying. 


BASE CURVE 
The total cost is based on a single cost curve having a feed rate (X), in dry 
metric tons of ore per day. The curve is valid for operations between 770 and 
6,300 mtpd, operating three shifts per day. The curve includes all costs associated 


with the acquisition and installation of the equipment items. 


The capital cost derived from the curve is a combination of the following costs: 


Small Large 

(770 to (2,000 to 

2,000 mtpd) 6,300 mtpd) 
Construction labor cost..... 17.64 21.64 
Construction supply cost.... a LTP 38.84 
Purchased equipment cost.... 54.04 38.9% 
Transportation COSteccccccee 0.74% 0.7% 


The total capital cost is (Yq) = 57,098. 588(x)9-649 and is distributed as 
follows: 


(L) Construction Labor Cost (Yq, gmazy) = 10,049.351(x)0+649 
(S) Construction Supply Cost (Yg gmary) = 15,816-309(x)9-649 


(E) Purchased Equipment Cost (Yp smarz) = 31,232-928(x)9-649 


(L) Construction Labor Cost (Yyz, yarcR) = 12,333.295(x)9-649 
(S) Construction Supply Cost (Yg parcR) = 22,154.252(x)9+649 


(E) Purchased Equipment Cost (YR yarcR) = 22,611.041(x)9-649 


ADJUSTMENT FACTORS 


Shift Factor The curve is based on a three-shift-per-day operation. Typically, 
uranium milling operations are operations are operated on a continuous basis to 
maintain steady flow rates between the various circuits. No adjustment factor 
is recommended for uranium leaching. 


COST, thousands of dollars 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.5. HYDROMETALLURGY 


6.1.5.2.-1. SOLVENT EXTRACTION 
BERYLLIUM 


The capital cost includes the acquisition and installation of equipment items as- 
sociated with the solvent extraction circuit for beryllium. Major equipment items 
include storage tanks, pumps, mixer-settlers, and mixer mechanisms. 


BASE CURVE 


The total capital cost for the beryllium solvent extraction circuit is based on a 
single curve having an adjusted feed rate (X), in liters of clarified pregnant a- 
queous solution to the solvent extraction circuit per minute. The curve is valid 
for operations between 85 and 575 L/min, operating three shifts per day. 


The capital cost derived from the curve is a combination of the following costs: 
Construction labor cost.... 73h 
Construction supply cost... 9.2% 
Purchased equipment cost... 83.54 


The total capital cost is (Youu= 23,690.266(xX)9-672 and is distributed as 
follows: 


(L) Construction Labor Cost (Y;,) = 1,729.389(x)0-672 


(S) Construction Supply Cost (Ys) = 2,179.504(x)0-672 


(E) Purchased Equipment Cost (Ys) = 19,781.373(x)9+672 
ADJUSTMENT FACTORS 


Shift Factor The capital cost curve is based on a three-shift-per-day operation. 
It is desirable to operate a beryllium solvent extraction circuit on a contin- 
uous basis to minimize the formation of crud and/or emulsion. The crud and/or 
emulsion from a beryllium solvent extraction circuit would probably contain ra- 
dioactive materials that would require special disposal and/or processing at an 
additional cost. Therefore, no shift factor is recommended for beryllium sol- 
vent extraction circuits. 


Number of Extraction Stages Factor The base curve is premised on the installation 
of seven extraction stages in the beryllium solvent extraction circuit. To ad- 
just for a different number of extraction stages, multiply the cost obtained 
from the curve by the following factor: 


Number of extraction stages factor (FR) = 0.326(E)9-576 
where E = actual number of extraction stages. 
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Number of Stripping Stages Factor The base curve is premised on the installation 
of two stripping stages in the beryllium solvent extraction circuit. To adjust 
for a different number of stripping stages, multiply the cost obtained from the 
curve by the following factor: 


Number of stripping stages factor (Fs) = 0.883(S) 9-180 
where S = actual number of stripping stages. 
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6-1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.5. HYDROMETALLURGY 


6.1.5.2.2. SOLVENT EXTRACTION 
COPPER 


The capital cost includes the acquisition and installation of equipment items as- 
sociated with the solvent extraction circuit for copper. Major equipment items in- 
clude storage tanks, pumps, mixer-settlers, and mixer mechanisms. 


BASE CURVE 
The capital cost curve is based on a single curve having an adjusted feed rate (X), 
in liters of clarified pregnant aqueous solution to the solvent extraction circuit 
per minute. The curve is valid for operations between 8,000 and 27,000 L/min, op- 
erating three shifts per day. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost.... 25.34 
Construction supply cost... 51.4% 
Purchased equipment cost... 22.9% 
Transportation COStecccoeee 0.44% 


The total capital cost is (Yq) = 382.979(x)9-955 and is distributed as follows: 


(L) Construction Labor Cost (Y,) = 96.894(x)9-955 


(S) Construction Supply Cost (Yg) = 196.851(x)9+955 
(E) Purchased Equipment Cost (Yg) = 89.234(x)9-995 


ADJUSTMENT FACTORS 


Shift Factor The capital cost curve is based on a three-shift-per-day operation. 
It is desirable to operate a copper solvent extraction circuit on a continuous 
basis to minimize the formation of crud and/or emulsion. The crud and/or emul- 
sion from a copper solvent extraction circuit would probably contain radio- 
active materials that would require special disposal and/or processing at an a- 
dditional cost. Therefore, no shift factor for copper solvent extraction cir- 
cuits is recommended. 


Number of Stages Factor The base curve is premised on a total of eight stages (four 
extraction and four stripping) in the solvent extraction circuit. To adjust 
for a different number of stages, multiply the cost obtained from the curve by 
the following factor: 


Number of stages factor (Fy) = 0.249(N)9+668 
where N = total number of extraction and stripping stages. 
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6-1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.6. SPECIAL APPLICATIONS 


6.1.6.1. AMALGAMATION 


The capital cost of amalgamation is for the acquisition and installation of equip- 
ment needed to process a gravity concentrate for the recovery of gold. The amalga- 
mation circuit includes amalgamators and/or amalgamation plates. 


BASE CURVE 


The total cost is based on a single cost curve having a feed rate (X), in metric 
tons of feed material to the amalgamation circuit per day. The curve is valid for 
operations between 0.4 and 65.0 mtpd, operating one shift per day. The curve in- 
cludes all costs associated with the acquisition and installation of the amalgama- 
tion circuit. 


The capital cost derived from the curve is a combination of the following costs: 


Small Large 
(0.4 to (1 to 

1 mtpd) 65 mtpd) 
Construction labor CoSt..ccccecee 3.2% 4.7% 
Construction supply CoOSt.cccecee 3.3% 3.54% 
Purchased equipment coSt.....e- 93.54% 91. 8% 


The total capital cost is (Yq) = 37,645.468(x)0+328 and is distributed as 
follows: 


(L) Construction Labor Cost (Yq, smary) = 1,204.655(x)0-328 


(S) Construction Supply Cost (Yg smart) = 1, 242.300 (x)9+328 
(E) Purchased Equipment Cost (Yp smart) = 35,198. 513(x)9+328 


(L) Construction Labor Cost (Yq, parcE) = 1.769.337 (x)9°328 
(S) Construction Supply Cost (Yo parcr) = 1,317-591(x)9+328 
(E) Purchased Equipment Cost (Yp yarcr) 34, 558.540 (X) 0-328 
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6-1. MINERAL PROCESSING--CAPITAL COSTS 
6-1-6. SPECIAL APPLICATIONS 


6.1.6.2.1. BRINE RECOVERY 
LITHIUM (WELLS) 


The capital cost includes the acquisition and installation of equipment items as- 
sociated with the brine recovery systen. 


BASE CURVE 


The total capital cost for a lithium brine recovery system is based on a single 
curve having an adjusted feed rate (X), in liters of lithium-bearing solution per 
minute. The curve is valid for operations between 1,300 and 9,700 L/min of brine 
solution, operating three shifts per day. The curve is for the acquisition and in- 
Sstallation of the purchased equipment items including pumps, solar evaporation 
ponds, and mobile equipment. The capital cost curve does not include the cost of 
site preparation for the solar evaporation ponds. This cost should be estimated 
using clearing (section 6.1.8.1)... The amount of area, in hectares, for site 
preparation is calculated using the following equation: 


Site preparation area (A) = 19,793.209-[83.024(N) ] 
where N = net evaporation rate, in centimeters per year. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost.... 32.8% 
Construction supply cost... 55.14 
Purchased equipment cost... 12.04 
Transportation CoStecccccee 0.1% 


The total capital cost is (Yc) = 5,696. 547(X)9-°929 and is distributed as 
follows: 


(L) Construction Labor Cost (Y,) = 1,868.467(x)0-929 


(S) Construction Supply Cost (Yg) = 3,138.797(x)09+929 
(E) Purchased Equipment Cost (Yg) = 689.283(x)9-929 


ADJUSTMENT FACTORS 


Well Depth Factor The base curve is premised on an average well depth of 150 m. 
To adjust for a different average depth, multiply the cost obtained from the 
curve by the following factor: 


Well depth factor (Fp) = 0.00250(D)+0.626 
where D = well depth, in meters. 


Net Evaporation Rate Factor The base curve is premised on a net evaporation rate 
of 119.4 cm/yr. To adjust for a different net evaporation rate, multiply the 
cost obtained from the curve by the following factor: 
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Net evaporation rate factor (Fg) = 1.30-[0.00251(E)] 
where E = net evaporation rate in centimeters per year 


Solar Evaporation Pond Liner Factor The base curve is premised on the installation 
of unlined solar evaporation ponds. To adjust the base curve for the instal- 
lation of a synthetic liner, multiply the cost obtained from the curve by the 
following factor: 


Solar evaporation pond liner factor (Fy) = 4.6 


COST, thousands of dollars 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.6. SPECIAL APPLICATIONS 
6.1.6.2.2. BRINE RECOVERY 

MAGNESIUM (SEAWATER) 
The capital cost includes the acquisition and installation of equipment items as- 
sociated with the brine recovery system. 

BASE CURVE 

The total capital cost for a magnesium brine recovery system from seawater is based 
on a single curve having an adjusted feed rate (X), in liters of magnesium—bearing 
seawater per minute. The curve is valid for operations between 3,500 and 91,400 
L/min, operating three shifts per day. These equipment items include the seawater 


pumps and pier. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost.... 8.3% 
Construction supply cost... 10.24 
Purchased equipment cost... 81.4% 
Transportation COSt.cccceee 0.1% 


The total capital cost is (Yc) = 1,006.954(x)9°522 and is distributed as 
follows: 


(L) Construction Labor Cost (Yz) = 83.579(x)9-522 


(S) Construction Supply Cost (Yg) = 102.709 (x)9-522 
(E) Purchased Equipment Cost (Yg) = 820.666(x)9-522 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.6. SPECIAL APPLICATIONS 
6.1.6.2.3. BRINE RECOVERY 

MAGNESIUM (WELLS) 
The capital cost includes the acquisition and installation of equipment items as- 
sociated with the brine recovery system. 

BASE CURVE 

The total capital cost for a magnesium brine recovery system from wells is based on 
a single curve having an adjusted feed rate (X), in liters of magnesium-bearing 
brine solution per minute. The curve is valid for operations between 770 and 7,000 
L/min, operating three shifts per day. These equipment items include well pumps, 
storage facility, and mobile equipment. 


The capital cost derived from the curve is a combination of the following costs; 


Construction labor cost.... 42.2% 
Construction supply cost... 49.3% 
Purchased equipment cost... 8.5% 


The total capital cost is (Yq) = 7 ,228.804(x)9-950 and is distributed as 
follows: 


(L) Construction Labor Cost (Yz) = 3,050.555(x)0-950 
(S) Construction Supply Cost (Yc) = 3,563.800(x) 9-950 


(E) Purchased Equipment Cost (YR) 
ADJUSTMENT FACTOR 


614.448 (x) 0-950 


Well Depth Factor The base curve is premised on an average well depth of 1,400 mn. 
To adjust for a different average depth, multiply the cost obtained from the 
curve by the following factor: 


Well depth factor (Fp) = 0.02486(D)9-510 
where D = well depth, in meters. 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6-1-6. SPECIAL APPLICATIONS 


6.1.6.2.4. BRINE RECOVERY 
MAGNESIUM/POTASH (LAKES) 


The capital cost includes the acquisition and installation of equipment items as- 
sociated with the brine recovery system. 


BASE CURVE 


The total capital cost for a magnesium-potash brine recovery system from lakes is 
based on a single curve having an adjusted feed rate (X), in billions of liters of 
magnesium-potash lake brine per year. The curve is valid for operations between 50 
and 105 billion L, operating three shifts per day. (To convert acre feet to liters, 
multiply acre feet by 1.23331 X 106. To convert hectare meters to liters, multi- 
ply hectare meters by 1 X 107.) The purchased equipment items include pumps, 

solar evaporation ponds, and mobile and harvesting equipment. The capital cost 
curve does not include the cost of site preparation for the solar evaporation ponds. 
The cost for site preparation should be estimated using clearing (section 6.1.8.1.). 
The area requirement, in hectares, for site preparation for the solar evaporation 
ponds is calculated using the following equation: 


Site preparation area (A) = 46,584.200-[229.253(N) ] 
where N = net evaporation rate, in centimeters per year. 


The capital cost derived from the curve is a combination of the following costs; 


Construction labor cost.... 66. 84% 
Construction supply cost... 0.44 
Purchased equipment cost... 32.64 
Transportation CoSt.cccecee 0.24 


The total capital cost is (Yc) = 281,139.945(x)9-942 and is distributed as 
follows: 


(L) Construction Labor Cost CYe = 187,801 .483(x)0-942 


(S) Construction Supply Cost 1on= 1,124. 560(x)9+942 
(E) Purchased Equipment Cost OF 92, 213.902(x)0+942 


ADJUSTMENT FACTOR 


Net Evaporation Rate Factor The base curve is premised on a net evaporation rate 
of 101.6 cm/yr. To adjust for a different net evaporation rate, multiply the 
cost obtained from the curve by the following factor: 


Net evaporation rate factor (FR) = 1.676-[0.00665(E)] 
where E = net evaporation rate, in centimeters per year. 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.6. SPECIAL APPLICATIONS 


6.1.6.2-.5. BRINE RECOVERY 
POTASH (FLOODED MINE) 


The capital cost includes the acquisition and installation of equipment items as- 
sociated with the brine recovery system. 


BASE CURVE 


The total capital cost for a potash brine recovery system from flooded mine work- 
ings is based on a single curve having an adjusted feed rate (X), in liters of pot- 
ash-bearing brine per minute. The curve is valid for operations between 3,200 and 
13,000 L of brine solution, operating three shifts per day. The equipment items 
include pumps, storage tanks, evaporation ponds, harvesting equipment, mobile equip- 
ment, and slurry tanks. The capital cost curve does not include the cost of site 
preparation for the solar evaporation ponds. The cost for site preparation should 
be estimated using clearing (section 6.1.8.1.), and the area requirement, in hec- 
tares, for site preparation is calculated using the following equation: 


Site preparation area (A) = 1,976-[9.724(N) ] 
where N = net evaporation rate, in centimeters per year. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost.... 19.4% 
Construction supply cost... 69.3% 
Purchased equipment cost... L322 
Transportation COSteccccoce 0.1% 


The total capital cost is (Yc) = 2,117.440(x)9-969 and is distributed as 
follows: 


(L) Construction Labor Cost (Y7,) = 410.783(x)0-969 


(S) Construction Supply Cost Ci) i= 1, 467.386 (x)9-969 
(E) Purchased Equipment Cost (Yp) = 239.271(x)9-969 


ADJUSTMENT FACTORS 


Pumping Head Factor The base curve is premised on an average pumping head of 244 m. 
To adjust for a different average pump head, multiply the cost obtained from the 
curve by the following factor: 


Pumping head factor (Fy) = 0.0000172(H)+0.996 
where H = pumping head, in meters. 


Net Evaporation Rate Factor The base curve is premised on a net evaporation rate of 
101.6 cm/yr. To adjust for a different net evaporation rate, multiply the cost 
obtained from the curve by the following factor: 


ro2 


Net evaporation rate factor (FR) = 1.803-[0.0079(E)] 
where E = net evaporation rate, in centimeters per year. 


Evaporation Pond Liner Factor The base curve is premised on the installation of a 
synthetic liner in the solar evaporation ponds. To adjust for no synthetic 


liner in the solar evaporation ponds, multiply the cost obtained from the curve 
by the following factor: 


Evaporation pond liner factor (F;) = 0.206 
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6-1. MINERAL PROCESSING--CAPITAL COSTS 
6-1-6. SPECIAL APPLICATIONS 


6.1.6.3. CALCINATION (ROTARY KILN) 


Capital costs for rotary-kiln operations are for the acquisition and installation 
of equipment for calcining (or applying high heat to) limestone or other ores or 
materials, using appropriate adjustment factors. This section starts with convey- 
ance of the crushed limestone or other feed material to the kiln, includes calcina- 
tion using coal as fuel, and ends after conveyance from the kiln. A special sec- 
tion is included for estimating the cost of storage and load-out of the product. 
The total capital cost is based on a single curve having an adjusted feed rate (X), 
in metric tons per day. The curve is valid for operations between 100 and 6,000 
mtpd, operating three shifts per day. 


BASE CURVE 
Major items of equipment are rotary refractory-lined kilns, product cooler, stone 
and coal weigh belts, coal ball mill, burner, fans, fabric dust collector, belt and 


screw conveyors, steel storage bins (dust and coal), and coal handling equipment. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost.....e. 44% 
Construction supply cost..... 22% 
Purchased equipment cost..... 34% 


The capital cost consists of the following typical range of equipment costs: 


Small Large 
(100 to (750 to 
750 mtpd) 6,000 mtpd) 
Kilns (and related equipment)..... 8 3% 92% 
Conveyors and elevatorSe.ccoccscece 54% 2% 
Storage binScccvceccccceccvccscces 104 5% 
Front—end loader. ecccccscccccccecs 2% 1% 


The total capital cost is (Yq) = 95,349. 610(x)9+759 and is distributed as 
follows: 


(L) Construction Labor Cost (Y 1) = 41,953.828(x)9-759 


(S) Construction Supply Cost (Yg) = 20,976.914(x)9+759 
(E) Purchased Equipment Cost (Yx) = 32, 418.868 (x)9+759 


ADJUSTMENT FACTORS 


Shift Factor The curve is based on a three shift per day operation. Because it 
would be impractical to operate less than 24 hours per day (due to the large 
heat losses connected with starting up and shutting down), no shift adjustment 


factors should be used. 
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Fuel Factor If natural gas is used as a fuel instead of coal, multiply the cost ob- 
tained from the curve by the following factor: 


Fuel factor (Fp yaruRAL GAS) = 0-949 


If fuel oil is used instead of coal, multiply the cost obtained from the curve 
by the following factor: 


Fuel factor (Fp FUEL or = 0.969 


Length-to-Diameter Factor To adjust the capital cost for kiln length-to-diameter 
(L/D) ratios different than 32, multiply the cost obtained from the curve by the 
following factor (see the ratio, length-diameter, column of the following tabu- 
lation for ratios for various commodities): 


Length-to-diameter factor  (Fz/p) = 0.696(L/D)0-104 


STORAGE AND LOAD-OUT OF PRODUCT 


The capital cost for storage and load-out of the product from the kilns includes 
the acquisition and installation of equipment to receive, store, and load-out the 
product. The total cost is based on a single curve having a product storage, load- 
out rate (X), in metric tons per day. The curve is valid for operations between 
100 and 6,000 mtpd, operating three shifts per day. 


Major items include belt conveyors, bucket elevators, vibrating screens, product 
crushers, and steel storage bins. The costs are distributed as follows: 


Construction labor cost...e.e. 224% 
Construction supply cost..... 11% 
Purchased equipment cost... 674% 


The capital cost consists of the following typical range of equipment costs: 


Conveyors (belt).cccece 10% 


Elevators (bucket)...e. saps 
Screens < see eter eee cates Ny 4 
Crushers (hammermill).. 4% 


Bins Celteel tase euecees 83% 


The total capital cost is (Yc) = 147,957.493(x)9-368 and is distributed as 
follows: 


(L) Construction Labor Cost (Yz) = 32,550.649(x)0-368 


(S) Construction Supply Cost (Yg) = 16,275.324(x)9-368 
(E) Purchased Equipment Cost (YR) = 99,131.520(x)0-368 


Rotary kiln calcination - Feed and product characteristics and cost factors 


Product and feed or reaction 


Mates) (Ch) 0cTimestones ccc ec cise ce ssescscet's's 
Lime, magnesia: Dolomite..cccccccccccccccces 
Alumina: Aluminum hydroxide..cccccccccccccce 
Light weight aggregate: Clay, shale.cecoccce 
Petroleum coke: Bum off volatiles......cee. 
Clay: vaporate H)0 and densifier........0. 
Fericlase: Brucite, mMagnesiz..ccccccccccccce 
Fhosphate: 

ODI ZG Uite vice ov'e's e's s olviiccigic Fels .vinee o.0.04o.0r 

Calcine CiW03..cccccccccccccccccccccccccces 
Bum off carbonaceous material...ccccccccee 
Diatomaceous earth: Bum off car- 
Manganese oxide: Manganese carbonate..eccces 


Nomal 
moisture 
in feed, 

vA 


15-30 
10-15 


0-9 
3-10 


Fuel 
rate 
Btu Ant 
product 
7-44 


4.8 
4.5 


Fuel 
cost 
multi- 
plier2 
1.00 
1.01 
0.73 
0.34 
0.22 
0.76 
1.70 


0.44 
0.58 
0.27 


0.63 
0.60 


Length 
diameter 
ratio 
(L/D) 
32 
35 
30 
18 
20 
24 
x 


8G SKB 
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Specific 
gravity4 


1.18 
1.18 
1.04 
0.56 
0.69 
0.85 
1.93 


1.28 
1.28 
1.28 


0.52 
1.90 


lt ime value is from kiln manufacturer; others are averages from Fngineering and Mining Journal, Jime 


1980, page 139. 


27 determine cost of coal burned to calcine a particular material, multiply the fuel portion of the 


ue curve by the appropriate multiplier. 


Averages for kiln: from Fngineering and Mining Journal, Jme 1980, page 139. 


4 spproximate average values (bulk fom, i.e., including voids) of materials during processing in the 
kiln; values from various sources: KVS Handbook, Perry's Fngineering Manual, CRC Handbook. 


NOTE.—No sulfides are considered because: 1) sulfides are not usually roasted in a rotary kiln 


(multiple-hearth vertical furmaces are frequently used), 2) the varying amounts of sulfur (oxidation of 
which is exothermic) would make fuel adjustment factors cumbersome, and 3) a flue gas scrubber (with lime 
addition) is probably necessary to meet environmental requirements (unless the SO is used for acid 
manufacturing, which is not infrequently the case). 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.6. SPECIAL APPLICATIONS 
6.1.6.4. CALCINING (DEAD-BURN MAGNESIUM ) 
The capital cost for calcining is for the acquisition and installation of equipment 
needed to process dead-burned dolomite. The calcining circuit consists of kilns, 
coolers, scrubbers, and related equipment such as conveyors. 

BASE CURVE 
The total cost is based on a single cost curve having a capacity rate (X), in met- 
ric tons of feed material to the kiln per day. The curve is valid for capacities 
between 60 and 910 mtpd, operating on a continuous basis. The curve includes all 


costs associated with the acquisition and installation of the calcining circuit. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost.... 123% 
Construction supply cost... 1.9% 
Purchased equipment cost... 81.52% 
TRANSpPOLt at Lonucost..b..2. sik. 4.3% 


The total capital cost is (Yc) = 88,034.896(x)9-728 and is distributed as 
follows: 


(L) Construction Labor Cost (Y;) = 10,828.292(x) 9-728 


1,672.663(x)9-728 


(S) Construction Supply Cost (Yo) 


75,533.941(x)0-728 


(E) Purchased Equipment Cost (Yr) 
ADJUSTMENT FACTOR 


Shift Factor The base curve is premised on a three-shift-per-day operation. Based 
on industry practice, it is desirable to operate a calcining operation for dead- 
burn magnesium on a continuous basis. Therefore, no adjustment factor for the 
number of operating shifts is recommended. 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.6. SPECIAL APPLICATIONS 


6.1.6.5. COMPACTION 


The capital cost for compaction is for the acquisition and installation of equip- 
ment needed to compact potash crystals to a final product. The compaction circuit 
includes impactors, screw conveyors, belt conveyors, bucket elevators, screens, and 
impactors. The total capital cost is based on a single curve having an adjusted 
feed rate (X), in metric tons of final compacted product per day. The curve is 
valid for operations between 220 and 3,150 mtpd, operating three shifts per day. 


BASE CURVE 
The base curve is predicated on processing potash crystals to a final product. The 
base curve assumes that 50% of the compactor feed will report as final product. The 


remaining feed recycles back to the compactor as fines. 


The total cost includes the costs associated with the acquisition and installation 
of the screw conveyors, compactors, screens and impactors. 


The compaction capital cost derived from the curve is a combination of the fol- 
lowing costs: 


Installation labor cost...... 3.0% 
Installation materials cost.. 4.64 
Purchased equipment cost..... 91.82% 
Transportation Cost...esecece 0.64% 


The total compaction capital cost is (Yq) = 6,954.771(X) 9-837 and is distributed 
as follows: 


(L) Installation Labor Cost (Y1) = 208. 643(x) 09-837 
(S) Installation Materials Cost (Ys) = 319.919(x)0-837 
(E) Purchased Equipment Cost (Yp) = 6,426.208(x)9-837 


ADJUSTMENT FACTORS 


Compactor Feed Product Factor The dominant factor in compaction is the percent of 
compactor feed which reports as final product. The base curve is predicated on 
50% of the compactor feed reporting as final product. The normal range of this 
vari- able is 25% to 75% of the feed reporting as product. To adjust for 
varying quan- tities of product in the compactor feed, multiply the cost 
obtained from the curve by the following factor: 


Compactor feed product factor (Fp) = 0.967[50/(P) ]9-831 
where P = feed reporting as product, in percent. 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.6. SPECIAL APPLICATIONS 


6.1.6.6. CRYSTALLIZATION 


The capital cost includes the acquisition and installation of equipment items as- 
sociated with the crystallization circuit for potash. Major equipment items in- 
clude dissolving (leaching) tanks, hot thickener, pumps, crystallizers, cyclones, 
heat exchangers, and centrifuges. The total capital cost for the potash crystal- 
lization circuit is based on a single curve having an adjusted feed rate (X), in 
metric tons of crystallized product per day. The curve is valid for operations be- 
tween 50 and 4,350 mtpd, operating three shifts per day. 


BASE CURVE 


The curve includes all costs associated with the acquisition and installation of 
the purchased equipment items. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost.... 2.6% 
Construction supply cost... 17.82 
Purchased equipment cost... 78.5% 
Transportation COSt.....ee. 1.14% 


The total capital cost is (Yq) = 56,341.633(X)9-655 and is distributed as 
follows: 


(L) Construction Labor Cost (Yj) = 1,464. 882(x) 9-655 


(S) Construction Supply Cost (Yo) 10,028.811(x)9+655 


(E) Purchased Equipment Cost (Yp) = 44 ,847.940(x)9-655 
ADJUSTMENT FACTORS 


Shift Factor The capital cost curve is based on a three shift per day operation. 
The operating schedule for the crystallization circuit is a function of the 
previous operating circuits (crushing, grinding, flotation, etc.). Typically, 
these circuits in the potash industry are operated on a continuous basis. Ac- 
cordingly, no adjustment factor for a one- or two-shift operation is 
recommended. 


Leaching Factor The base curve is premised on feed sources from effluents, bag- 
houses, and dust collectors to the crystallizer circuit for the recovery of 
crystallized potash. To adjust for the leaching of tailings or ore, multiply 
the cost obtained from the curve by the following factor: 


Leaching factor (Fy) = 1.46 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.6. SPECIAL APPLICATIONS 


6.1.6.7. FRASCH PROCESS 


The capital cost includes the acquisition and installation of equipment items as- 
sociated with the Frasch process. Major equipment items include the sulfur wells, 
mine water heaters, hot process water softeners, air compressors, reagent handling 
system, sulfur relay stations, storage tanks, sulfur loading facilities, and pumps. 
The total capital cost is based on a single cost curve having an adjusted feed rate 
(X), in metric tons of sulfur per day. The curve is valid for operations between 
1,150 and 7,900 mtpd, operating three shifts per day. 


BASE CURVE 


The total capital cost is based on a single curve at an adjusted feed rate (X) for 
the acquisition and installation of the purchased equipment items. 


The Frasch process capital cost derived from the curve is a combination of the 
following costs: 


Construction labor cost...... 25.64% 
Construction supply cost..... 39.34 
Purchased equipment cost..... 34.7% 
Transpo riat 1 ONG COG ial clele ciecesa.c 0.42% 


The total Frasch process capital cost is (Yc) = 24,851.517(X)9-991 and is dis- 
tributed as follows: 


(L) Construction Labor Cost (Yj) = 6, 361.988(x) 9-991 

(S) Construction Supply Cost (Yo) = 9, 766.646(x)9-991 

(E) Purchased Equipment Cost (Yf) = 8, 722.882(x)9-991 
ADJUSTMENT FACTOR 


Shift Factor The base curve is based on a three-shift-per-day operation. Frasch 
process is typically operated on a continuous basis to maintain a steady pro- 
duction rate of molten sulfur. Therefore, no adjustment factor for a one or 
two-shift operation is recommended for Frasch processing. 


Water-Sulfur Ratio Factor The base curve is based on a water-sulfur ratio of 3,000 
gal of water per metric ton of sulfur produced. To adjust the base curve for 
other ratios, the multiply the cost obtained from the curve by the following 
factor: 


Water-sulfur ratio factor (Fp) = 0.00652(R) 9-629 
where R = water-sulfur ratio, in gallons of water per metric ton of sulfur 
produced, (to convert liters to gallons multiply liters by 


0.2642). 
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Water Quality Factor The curve is based on a raw water quality as total hardness 
of 100 mg of CaC0O3 per milliliter. To adjust the base curve for other water 
qualities, the multiply the cost obtained from the curve by the following 
factor: 


Water quality factor (Fy) = 0.975(w) 09-0056 
where W = water quality as total hardness of CaC03, in milligrams per 
milliliter. 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.6. SPECIAL APPLICATIONS 
6.1.6.8. HANDSORTING 
The handsorting capital cost is for acquisition and installation of auxiliary equip- 
ment for sorting ore by hand. 

BASE CURVE 
The total capital cost is based on a single cost curve having an adjusted feed rate 
to the picking belt (X), in metric tons material sorted per day. The curve is val- 
id for operations between 40 and 2,000 mtpd, operating one shift per day. Costs 
as- sociated with acquisition and installation of the sorting surface may include 
tables, fixed chutes and grizzlies, belt conveyors, pan conveyors, revolving tables, 
or shaking surfaces. The costs in this section are based on belt conveyors as the 


sorting surface. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost...... 142% 
Construction supply cost..... 154 
Purchased equipment cost..... 68% 
Transportation cCoOSt.......ee. 3% 


The capital cost consists of the following typical range of major equipment costs: 
Belt. cCONVEYOrS 50 sss ccsisie co's 100% 
The total capital cost is (Yc) = 174.722(X)9+905 and is distributed as follows: 
(L) Construction Labor Cost (Yz,) = 24.461(x)9-905 


26.208(x)09-905 


(S) Construction Supply Cost (Yg) 


(E) Purchased Equipment Cost (Yg) = 124.053(x)9-905 


1,000 


100 


10 


COST, thousands of dollars 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.6. SPECIAL APPLICATIONS 


6.1.6.9. LIME SLAKING 


The capital cost for lime slaking is for the acquisition and installation of equip- 
ment needed to process pebble lime to a lime slurry. The lime slaking circuit in- 
cludes dry storage, ball-mill slaking, cyclone classification, and slurry storage. 
The circuit can process pebble lime with a maximum size of 3 in delivered by bottom- 
dump truck. 


BASE CURVE 


The total cost is based on a single cost curve having a feed rate (X), in metric 
tons lime per shift. The curve is valid for operations between 20 and 125 mt/shift, 
operating one shift per day. The curve includes all costs associated with the ac- 


quisition and installation of the necessary bins, tanks, sumps, pumps, conveyors, 
and ball mill. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost.... 23.4% 
Construction supply cost... 25.04 
Purchased equipment cost... 51.02 
Transportation COSt......e. 0.64 


The total capital cost is (Yc) = 79,855.146(x)9-4/76 and is distributed as 
follows: 


(L) Construction Labor Cost (Y;) = 19, 165.235(x) 9-476 


(S) Construction Supply Cost (Yg) = 19, 963.787(x)0-476 
(E) Purchased Equipment Cost (Yg) = 40,726.124(x)0-476 


COST, thousands of dollars 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.6. SPECIAL APPLICATIONS 


6.1.6.10.1. MERCURY APPLICATIONS 
MERCURY CONDENSERS 


The capital cost for mercury condensers is for the acquisition and installation of 
equipment needed to process furnace gases from primary mercury operations for the 
recovery of mercury or retort gases from gold-silver operations for the removal of 
mercury. The mercury condenser circuit consists of the condenser tubes or pipes 
and pollution equipment including scrubbers, fan, pumps, and exhaust stack. 


BASE CURVE 


The total cost is based on a single cost curve having a capacity rate (X), in met- 
ric tons of feed material to the furnace per day. The curve is valid for opera- 
tions between 0.15 and 115 mtpd. For small operations (0.15 to 7 mtpd), the mer- 
cury condenser is normally operated on a one batch per day cycle. For large opera- 
tions (7 to 115 mtpd), the operation is assumed to be on a continuous basis. The 
curve includes all costs associated with the acquisition and installation of the 
mercury condenser circuit. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost.... Ze2s 
Construction supply cost... 1.82 
Purchased equipment cost... 96.04% 


The total capital cost is (Yc) = 83,955.669(X)9-284 and is distributed as 
follows: 


(L) Construction Labor Cost (Y,) = 1,847.025(x) 0-284 


(S) Construction Supply Cost (Yg) = 1,511.202(x)09-284 
(E) Purchased Equipment Cost (Yp) = 80,597.442(x)0-284 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.6. SPECIAL APPLICATIONS 


6.1.6.10.2. MERCURY APPLICATIONS 
MERCURY RETORTS 


The capital cost for mercury retorts is for acquisition and installation of equip- 
ment needed to process steel-wool cathodes or precipitates from gold-silver opera- 
tions for the removal of mercury. The mercury retort circuit consists of the mer- 
cury retort furnace including the retort, furnace lining, boats, resistance heat- 
ers, and controllers. 


BASE CURVE 
The total cost is based on a single cost curve having a feed rate (X), in kilograms 
per day. The curve is valid for operations between 40 and 1,100 kg/d, operating on 
a one-batch-per-day cycle. The curve includes all costs associated with the acqui- 


sition and installation of the mercury retort. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost.... 2.3% 
Construction supply cost... 11.9% 
Purchased equipment cost... 85.8% 


The total capital cost is (Yc) = 31.796(x)}+531 and is distributed as follows: 


(L) Construction Labor Cost (Y;) = 0.731(x)1-531 


(S) Construction Supply Cost (Yg) = 3.784(x)1-531 
(E) Purchased Equipment Cost (Yf) = 27.281(x) 1-531 


10,000 


1,000 


100 


COST, thousands of dollars 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.6. SPECIAL APPLICATIONS 


6.1.6.11. PELLETIZING 


The capital cost for pelletizing is for the acquisition and installation of equip- 
ment needed to produce pellets from an iron ore concentrate. The pelletizing plant 
consists of balling drums, induration furnace, and related equipment such as con- 
veyors, mixers, fans, and scrubbers. The base curve is predicated on the pelletiz-— 
ing treatment of an iron concentrate processed from magnetic ore. The pelletizing 
plant does not include the cost of a filter plant. The total cost is based on a 
single cost curve having a capacity rate (X), in metric tons of pellets produced 

per day. The curve is valid for operations between 6,400 and 28,000 mtpd, operating 
three shifts per day. 


BASE CURVE 


The base case includes all costs associated with the acquisition and installation 
of the pelletizing circuit. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost.... 16.5% 
Construction supply cost... Dy WA 
Purchased equipment cost... 75.7% 
Transportation COSt.......2. 2.64 


The total capital cost is (Yq) = 5,015.051(x)9-921 and is distributed as 
follows: 


(L) Construction Labor Cost (Y,) = 827.483(x)9-921 


(S) Construction Supply Cost (Yo) = 260. 783(x)9-921 


(E) Purchased Equipment Cost (YR) 3,926.785(x)0-921 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.6. SPECIAL APPLICATIONS 


6.1.6.12.1. WASHING AND SCREENING 


The washing and screening capital cost is for acquisition and installation of equip- 
ment to wash and screen loosely consolidated ores such as barite. Washing sepa- 
rates the gangue from the ore and screening separates the ore into two or more 
sizes. The sized ore is then usually processed further by various means. Washing 
is usually the first step as the ore enters the processing plant. Screening may be 
combined with crushing and grinding in various combinations depending on plant de- 
sign, or may be a completely independent operation. 


BASE CURVE 


The total capital cost is based on a single curve having an adjusted feed rate (X), 
in metric tons material per day. The curve is valid for operations between 100 and 
10,000 mtpd, operating two shifts per day. The curve includes all costs associated 
with acquisition and installation of trommel screens, log washers, vibrating 
screens, water guns, and pumps. 


The capital cost derived from the curve is a combination of the following costs: 


Installation labor cosSt......e.. B 64% 
Installation materials cost..... 10.32 
Purchased equipment cost........ 82.22 
Transportation Cost..c.¢ «eh eis tes 4.12 


The capital cost consists of the following typical range of equipment costs: 


Small Large 
(100 to (2,000 to 
2,000 mtpd) 10,000 mtpd) 
Pump Bisiinelaisistalslaceieeisucieveies 10% 9% 
Washing equipment...... 454 10% 
Screening equipment.... 45% Siar 
Miscellaneous (hoppers, 
conveyors, etc.).seee. - 46% 


The total capital cost is (Yc) = 12,518.812(x)9-353 and is distributed as 
follows: 


(L) Installation Labor Cost (Y;) = 425.640(x) 9-353 
(S) Installation Materials Cost (Ys) = 1,289.438(x)0-353 


(E) Purchased Equipment Cost (Yf) = 10,803. 735(x)9-353 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.6. SPECIAL APPLICATIONS 


6.1.6.12.2. WASHING AND SCREENING--PHOSPHATE 


The washing and screening capital cost is for acquisition and installation of equip- 
ment to wash and screen (including ore feed preparation for flotation) of loosely 
consolidated phosphate ores. Washing and screening separates the minus 1.9l-cm 
(0.75-in), plus 14- or 16-mesh phosphate material (called pebble concentrate) from 
the finer material. The finer material containing phosphate is then processed in 
the feed preparation circuit where the clay fraction is removed from the plus 
150-mesh material consisting of phosphate and silica sands. This plus 150-mesh 
material goes to the flotation circuit. 


BASE CURVE 


The total capital cost is based on a single curve having an adjusted feed rate (X), 
in metric tons material per day. The curve is valid for operations between 5,000 
and 70,000 mtpd, operating three shifts per day. The curve includes all costs as- 
sociated with acquisition and installation of trommel screens, hammermills, log 
washers, flume and vibrating screens, classifiers, and cyclones. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost...... 35% 
Construction supply cost..... 437% 
Purchased equipment cost..... 20% 
TEANSPOLCAations, COStes. oa 21s te 2% 


The capital cost consists of the following typical range of equipment costs. 


Small Large 
(5,000 to (22,000 to 
22,000 mtpd) 70,000 mtpd ) 
PUMPS eelste tet aatsie’s cisiaisrovere s sient 5% 20% 
Trommels and screenS....eees 15% 19% 
Washers and classifiers..... 43% 11% 
Miscellaneous (conveyor belts, 
hammermilis, etc.)......s0 37h 50% 


The total capital cost is (Yc) = 430.848(x)1-094 and is distributed as follows: 


(L) Construction Labor Cost (Yz,) = 150.797(x)}-094 


(S) Construction Supply Cost (Yg) = 185.265(xX)1.094 
(E) Purchased Equipment Cost (Yp) = 94.786(x)1-094 


COST, thousands of dollars 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.7. TRANSPORTATION 


6.1.7.2. AIRSTRIP CONSTRUCTION 


Airstrip construction cost curves give the cost per meter length of basic utility 
airstrips varying in width from 10 to 40 m. The airstrip described accommodates 
light single-engine and small twin-engine airplanes used for personal and business 
purposes, plus a broader spectrum of small business and air taxi-type twin-engine 
airplanes. These aircraft include the Cessna 150 series, Piper PA-32-300 Commander 
Six, Rockwell International 114 Commander, Beech B55 Baron, Cessna 310, and Piper 
PA-23-250 Aztec. 


BASE CURVE 


The total capital cost per meter length is based on a single curve having an air- 
strip width (X), in meters. The curve is valid for widths of 10 to 40 m, operating 
one shift per day. Two surface options are offered, aggregate and asphalt. Not 
included in this curve are costs for acquisition or clearing of airstrip site, and 
hauling or rough leveling of fill materials. Both aggregate and bituminous asphalt 
strips include base preparation (grading and rolling). The aggregate surface in- 
cludes a base course of 1.9-cm stone, 15 cm deep followed by final grading and rol- 
ling. The asphalt surface consists of 31.9-cm stone 10.2 cm deep underlying 3.8-cm 
of rolled asphalt. No equipment capital costs are incurred. A 5% contingency of 
total capital cost covers ancillary airstrip facilities such as gas storage and 
pump, airstrip end and lateral markings, wind direction apparatus, and one T-hangar 
as needed. 


The capital cost derived from the curve is a combination of the following costs: 


Aggregate Asphalt 
Construction labor cost...... 20% 164% 
Construction supply cost..... 80% 84% 


The total asphalt airstrip capital cost is (Yc aspyaLT) = 5.686(x)1-000 and is 
distributed as follows: 


(L) Construction Labor Cost (Yj, aspyaLT) = 0.910(x) 1-000 
(S) Construction Supply Cost (Yg agpyazT) = 4-776(X)}-000 


The total aggregate airstrip capital cost is (Yc accRrEcATE) = 3.471(x)1-005 ana 
is distributed as follows: 


(L) Construction Labor Cost (Yy, accREGATR) = 0-694(x) 1-005 
(S) Construction Supply Cost (Yo accrecaTE) = 2-776(x)!-905 


ADJUSTMENT FACTORS 


Runway Length Runway length requirement is primarily dependent on anticipated air- 
craft use, temperature, and elevation. Aircraft type used in the cost curve was 
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previously described. For convenience, an equation was derived to determine 
length requirement when the elevation of the airstrip is known. The equation 
is based on maximum temperature of 38C (100F). To determine different lengths 
at different elevations, use the following equation: 


Runway length L = 891.915e(0.0005277)(E) 
where L = length of airstrip, in meters, 
and E = elevation, in meters. 


Runway Width Runway width requirement varies with wingspan of anticipated aircraft 
using the airstrip. An 18-m wide landing strip will accommodate the aircraft 
mentioned. This width is advised for airstrip predesign costing. Actual width 
should be used when calculating capital costs of existing airstrips. 


Land Area Requirement For estimation of land acquisition and clearing requirements 
for airstrip landing area (includes airstrip pad, and lateral/terminal clear- 
ances), use the following equation: 


Land area requirement A = 0.012(L)+1.820 
where A = area, in hectares, 


and L = airstrip length, in meters. 


Subcontractor Factor If a subcontractor is used, multiply the cost obtained from 
the curves by the following factors: 


Labor factor Sar Sh ah gs 


Supply factor (Ys) = 1.2 


COST, dollars per meter length 
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6.1.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.7. TRANSPORTATION 
6.1.7.4. RAILROAD CONSTRUCTION 
The cost in this section covers the capital expense for laying standard-gage track- 
age for main lines and spurs. The cost reflects railway installation by a crew that 
works on a one-shift-per-day schedule; furthermore, the cost is based on trackage 
that is fully ballasted. 

BASE CURVE 
The total capital cost is based on a single curve having a railroad length (X), in 
total kilometers. The curve is valid for a lengths of 1 to 60 km, operating one 


shift per day. 


The final cost derived from the curve is a combination of the following costs: 


Construction labor cost...... 26% 
Construction supply cost..... 69% 
Purchased equipment cost..... 5% 


The total railroad construction capital cost is (Yq) = 188,530.000(x) 1-900 ana 
is distributed as follows: 


(L) Construction Labor Cost (Yj) = 49,017.800(x) 1-000 

(S$) Construction Supply Cost (Yg) = 130,085.700(x)!-000 

(E) Purchased Equipment Cost (Yp) = 9,426.500(x)}-000 
ADJUSTMENT FACTORS 


Ballast Factor For the installation of standard-gage trackage without ballast, mul- 
tiply the cost obtained from the curve by the following factor: 


Ballast factor (Fp) = 0.85 


Roadbed Construction For construction expenses resulting from roadbed clearing, 
drilling/blasting, and excavation, refer to Access Roads sections (6.1.10.1.1.- 
6.1.10.1.3.) and apply a roadway width of 6.1 m to the applicable cost equa- 
tions; the additional railway expenses so derived should then be added to this 
section's capital cost. 


Equipment Factor When it is necessary to purchase equipment or to have a subcon- 
tractor perform the work, multiply the equipment operation value by the fol- 
lowing factor in order to obtain the total value of equipment expense for owner- 
ship and operation: 


Equipment factor (Yg) = 1.7 
Subcontractor Factor If a subcontractor is used, to compensate for the subcon- 


tractor's markup, multiply the costs obtained from the curves by the following 
factors: 
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Labor factory oer. =e 1eo 
Supply factor™ —(Yq)ae al? 


Equipment operation factor 


(YR) = 1.2 


COST, thousands of dollars 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.7. TRANSPORTATION 


6.1.7.5. LONG-DISTANCE SURFACE CONVEYOR 


The cost curve shown is for the acquisition and erection of a long-distance surface 
conveyor. The conveyor is a single-flight belt conveyor made with high-strength 
steel belting. The conveyor is designed for a 10° slope and 1l-km distance. Us- 
ually, the material is crushed or screened at the mine site before being conveyed. 
Screen and crusher capital costs are not included in this cost but are covered in 
separate sections. 


BASE CURVE 


The total capital cost is based on a single cost curve having a production rate (X), 
in metric tons per day. The curve is valid for 15,000 to 150,000 mtpd, operating 
three shifts per day. The curve includes all costs associated with acquisition, in- 
stallation of the belt, idlers, motors, channel, and frame, and site preparation. 


The long distance surface conveyor capital cost derived from the curve is a combi- 
nation of the following costs: 


Construction labor cost...... 31% 
Construction supply cost..... 5% 
Purchased equipment cost..... 64% 


A typical breakdown of a long distance surface conveyor major cost components is 


Conveyor DELE. .csictaeecsee eulecatthec es 36% 
Idler assembly units... .. ss ccteeedee te 447 
Motors, drive trains, belt cleaners, 

and other mechanical items......... 202% 


The total long distance surface conveyor capital cost is (Yq) = 81,292.281(x) 9-309 
and is distributed as follows: 


(L) Construction Labor Cost (Y7) = 25,200.607(x) 9-309 


(S) Construction Supply Cost (Ys) 4,064.614(x)9-309 


(E) Purchased Equipment Cost (Yr) = 52,027.060(x)9-309 
ADJUSTMENT FACTORS 


Conveyor Length and Slope Factor The conveyor is 1-km long and has a 10° slope. 
For other lengths and slopes, multilpy the cost obtained from the base curve by 
the following factor: 


Conveyor length and slope factor (Fp) = [0.917+0.00940(S)] [L/1] 
where L = length, in kilometers, 


and S = slope in degrees, between 0° and 15°. 


Ono 


The cost for a decline conveyor is equal to that for a horizontal conveyor (0° 
slope). 


Stacker-Tripper Factor If the material is conveyed to a processing plant or other 
end point such as a port facility, the capital cost for unloading from the con- 
veyor is included in those sections. If the material is waste rock, then the 
cost for a tripper or stacker should be added to the estimated capital cost. 
Costs for these items vary greatly but can range from $600,000 for a stacker or 
tripper that handles 15,000 mtpd waste material to $5,000,000 for a stacker or 
tripper that handles 150,000 mtpd of waste rock. 


Belt Life The conveyor belt, 36% of equipment cost, has an average wear life of 8 
to 10 yr of use, based on three shifts per day, 350 operating days per year, and 
the abrasiveness of the material. The total replacement of the belt is standard 
procedure after excessive wear. 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.7. TRANSPORTATION 


6.1.7.7. MARINE TERMINAL 


The curve applies to costs for a deep-water, export bulk ore marine terminal. Costs 
include basic operations of rail or barge receiving, storage (open), reclaiming, and 
shiploading. Ore storage, with capability to mix different ore grades, has a ca- 
pacity of 10% of annual throughput. It is assumed that soil conditions are good. 
Significant additional costs will be incurred under conditions of poor site soil 
(e.g., swamps, etc.) and shallow water (dredging required). Additionally, a re- 
quirement for covered storage will significantly add to capital costs. Capital 
costs do not include land acquisition, legal and permitting fees, finance charges, 
off-site alterations, and engineering and construction management fees (the latter, 
typically 8% of total direct costs). 


BASE CURVE 


The total capital cost is based on a single curve having a capacity (X), in metric 
tons of material per year. The curve is valid for capacities between 900,000 and 
16,000,000 mt/yr, operating three shifts per day. 


The ratios of supply and equipment to labor will vary greatly depending principally 
on the civil requirement from project to project. 


The total marine terminal capital cost is (Yc) = 51.124(x) 9-892 
ADJUSTMENT FACTOR 


Density (Loose) Factor Lightweight commodities occupy more space and thus require 
larger handling equipment than more dense commodities. Therefore, an adjust- 
ment is required to lower the capital cost for a terminal designed to handle 
more dense (higher loose density) commodities and to increase the capital cost 
of a terminal designed to handle commodities of less loose density. An esti- 
mate of loose density can be made from table A-2 in the appendix. To adjust 
the base curve for differences in weight per unit volume, multiply the cost ob- 
tained from the curve by the following factor: 


Density factor (Yp) = 3.418(D)—9- 167 
where D = loose density, in kilograms per cubic meter. 
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COST, millions of dollars 
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6-1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.7. TRANSPORTATION 


6.1.7.8. SLURRY PIPELINE 


The capital cost curve for the slurry pipeline is for the acquisition and instal- 

lation of equipment for pumping a slurry 10 km at a lift of 150 m with a specific 

gravity of the solids of 4.3. The slurry pipeline circuit includes slurry storage 
tanks, booster and high-pressure slurry pumps, and the pipeline. 


The total capital cost is based on a single curve having an adjusted feed rate (X), 
in metric tons material slurried per day. The curve is valid for 900 to 32,000 
mt/d, operating three shifts per day. The curve includes all costs associated with 
the acquisition and installation of the required pumps, agitators, slurry tanks, 
and pipeline. 


BASE CURVE 


The slurry pipeline capital cost derived from the curve is a combination of the 
following costs: 


Installation labor cost...... 11.82 


Installation materials cost.. 32.9% 
Purchased equipment cost..... . 54.6% 
Transportation COSteccccccece 0.7% 


The total slurry pipeline capital cost is (Yq) = 21,021.709(x)9+546 and is dis- 
tributed as follows: 


(L) Installation Labor Cost (Yz) = 2,480.562(x)0-546 
(S) Installation Materials Cost (Ys) = 6, 916-142 (x)0-546 
(E) Purchased Equipment Cost (YR) = 11,625.005(x)9-546 
ADJUSTMENT FACTORS 
Pipeline Length Factor The curve is based on a slurry pipeline of 10 km in length. 
To adjust the base curve for different pipeline lengths, multiply the cost ob- 


tained from the curve by the following factor: 


Pipeline length factor (Fp) = 0.026(K)+0.741 
where K = length, in kilometers. 


An estimate of average pipeline length can be made from table A-3 in the 
appendix. 


Slurry Pipeline Lift Factor The base curve was calculated for a slurry pipeline 
with a lift of 150 m. To adjust the base curve for a different lift, multiply 
the cost obtained from the curve by the following factor: 
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Lift factor (F;,) = 0.0009(L)+0.871 
where L = length, in meters. 


Specific Gravity Factor The base curve was calculated for a slurry pipeline pumping 
solids with specific gravity of 4.3. To adjust the curve for a different spe- 
cific gravity, multiply the cost obtained from the curve by the following 
factor: 


Specific gravity factor (Fg) = 0.023(S)+0.903 
where S = new specific gravity. 


An estimate of average specific gravity can be made from table A-3 in the 
appendix. 


COST, thousands of dollars 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.8. GENERAL OPERATIONS 


6.1.8.1. CLEARING 


The curve for clearing during site preparation is based on estimated costs for 
medium-light growth on terrain with a side slope of 20 to 50%, one shift per day. 
Estimate one tree, 0.33 m in diameter, per 40 m¢. 


The total cost is the sum of three separate cost curves (labor, supplies, and equip- 
ment operation) having a total clearing area (X), in total hectares. The curves 

are valid for operations between 1 and 1,000 ha (from 500 to 1,000 ha, costs are ex- 
pected to remain constant), operating one shift per day. The curves include all 
daily operating and maintenance cost associated with clearing a land surface for 
mineral processing plant and support facilities. 


BASE CURVE 


(L) Labor Operating Cost (Y;) = 2,171.220(x)~9- 120 
The operating labor costs consist of the following typical range of personnel: 


Direct LaDOT< \c a cvotercnetotoisveletets 86% 
Maintenance labor.....ccecce 14% 


The average base salary including burden for labor is as follows: 


Av salary 
per hour 
(base rate) 


DOZET OPE Lalor... c\cts cies © 21% $16.33 


Truck ATUVEGT s ob mob eiae cies 6% 15.89 
General laborers. + <sc+s ce se 13.66 


The average wage for labor is $14.28 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 269.796(x)~9-0303 
For clearing operations of 1 to 500 ha, the supplies consist of 78% for fuel 
oil and 22% for tools, cables, and chokers. For clearing operations of 500 to 
1,000 ha, supplies consist of 83% for fuel 0il (burning wood and scrub), and 17% 
for tools, cables, and chokers. 


(E) Equipment Operating Cost (Ym) = 667.618(x)—9-0672 


Equipment operating costs consists of 87% for crawler dozers and 13% for trucks, 
pickups, and chainsaws. 


The general equipment cost component distribution is as follows: 


Description Repair parts Fuel and lube Tires 
Crawler dozere?. ..c2 eee 51.02 49.02% aa 


Trucks, pickups, 
and ;CHEALNS AWS. ..s 0 +c sieteisersie 14.0% 80.0% 6.04% 
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ADJUSTMENT FACTORS 


Brush Factor For light clearing conditions where the growth consists mainly of 
brush and small trees, multiply the curves by the following factor: 


Brush factor (Yp zicyr) = 0-25 
For heavy clearing conditions, defined as when clearing a dense growth of trees 
(diameter of the trees commonly exceeding 0.33 m), multiply the curves by the 
following factor: 


Brush factor (Yz HEAVY) = 1.75 


Side Slope Factor For clearing on terrain with side slopes other than 20% to 50% 
multiply the curves by the following factors: 


For clearing on terrain with side slopes of 0% to 20%, 
Side slope factor (Yo gz-9097) = 0.8 
For clearing on terrain with side slopes of 50% to 100%, 
Side slope factor (Yg 597-100%) = 1-2 
For clearing on terrain with side slopes greater than 100%, 
Side slope factor (Yg 4190z%) = 2-5 
Burning Factor When the burning of cleared brush and trees is prohibited due to en- 
vironmental regulations, the brush and trees will have to be stacked or buried. 
If burning is prohibited, multiply the costs obtained from the curves by the 
following factors: 
Tabor factor!) (yi) = 1.2 
Supply factor (Fg) = 0.2 
Equipment operation factor (Ff) = 1.2 
Equipment Factor Where it is necessary to purchase equipment, or have a subcon- 
tractor perform the work, multiply the equipment operation value by the fol- 
lowing applicable factor in order to obtain the total value of equipment ex- 


pense for ownership and operation: 


Shifts per UBVsccss cece ss se L 2 3 
Bat CEC) ie ora, obyetortic eels er 6 aia ee a be ese) Lee iyo? 


Subcontractor Factor If a subcontractor is used, multiply the costs obtained from 
the curves by the following factors to compensate for subcontractor's markup: 


Labor factor (Fr = 165 


Supply factor (Fg) = 1.2 


Equipment operation factor (FE) = 1.2 
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COST, dollars per hectare 
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6.1.8.1. Clearing 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.8. GENERAL OPERATIONS 


6.1.8.3. EARTHFILL DIKES AND SMALL DAMS 


Dikes and/or small dams used to contain waste and tailings vary with the terrain 
and materials to be used, and must meet the regulations for small dam construction. 
Construction is accomplished using scrapers having an on-site material haul dis- 
tance between 600 and 1,500 m. No allowance has been made for transport or pur- 
chase of suitable fill material. If these costs are not a part of other mining and/ 
or milling operations, the user must determine the cost of fill material. The tot- 
al cost is based on a single curve having a total embankment (X), in cubic meters 

of material. The curve is valid for operations between 5,000 and 500,000 m>, op- 
erating two shifts per day. 


BASE CURVE 


The earthfill dikes and small dams capital cost derived from the curve is a com- 
bination of the following costs: 


Construction labor cost........ 53% 
Construction supply cost....... 

(fill material not included).. By! 
Purchased equipment cost....... 42% 


A typical breakdown of the major cost components is 


SCrapers stacies em sts crete etete ses ares cess 42% 
Crawler dozersscees desc cet cece ees 26% 
COMPACLOUS « ves oleic bic cle Cala wc es 0 5:0 18% 
Rubber tired support.....ccceoeee 14% 


The total earthfill dikes and small dams capital cost is (Yc) = 0.014(x)1-420 
and is distributed as follows: 


(L) Construction Labor Cost (Y7) = 0.00726(x) 1-420 


(S) Construction Supply Cost (Yo) = 0.00069(x)1-420 
(E) Purchased Equipment Cost (Yp) = 0.00575(x)1-420 


The construction labor costs consist of the following typical range of 
personnel: 


Direct FADO Tietetereictotels lererers cots 604% 
Maintenance: Lapore.s. «sce. es 40% 
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The average base salary including burden for labor is as follows: 


Av salary 
per hour 
(base rate) 


Scraper operator......eeee. 24% $16.33 


Dozers Operaeonr. ..sclctc «se stele 21% L635 
Compactor operator.......e. 23% 16.33 
Motor-grader operator...... 104 16.33 
THUC KITA Verte stele ote stots sere e 5% 15.89 
Utility ‘worker... 20%. Sarees « 17% 13.66 


The average wage for labor is $16.02 per worker-hour (including burden and av- 
erage shift differential). 


The general equipment operating cost component distribution is as follows: 





Description Repair parts Fuel and lube Tires 
SCYADE TB Ss cicieie sg cverere haber 41.0% 41.02 18.0% 
Crawler dozersS....secseeees 49.0% 51.024 - 
COMPSCTOT Ss cele c's celle slersioieitte 55.04 45.02% = 
Rubber-tired support....... 27.0% 64.04 9.02% 


ADJUSTMENT FACTORS 


Equipment Factor Where it is necessary to purchase equipment or have a subcontrac- 
tor perform the work, multiply the equipment operation cost obtained from the 
curve by the following applicable factor in order to obtain the total value of 
equipment expense for ownership and operation: 


Shifts per GEYieisre octal ebelstatetors 1 2 3 
FactOrs ss. sae oc.¢ o stetehe ate crete 1.67 1.50 1.48 


Subcontractor Factor If a subcontractor is used, multiply the costs obtained from 
the curves by the following factors to compensate for subcontractor's markup: 


Labor factor (F,) = 1.5 


Equipment operation factor (FR) =) 2 
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6.1.8.3. Earthfill dikes and small dams 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.8. GENERAL OPERATIONS 
6.1.8.4. ELECTRICAL SYSTEM 
The capital cost is for acquisition and installation of the main substation, yard 
distribution, lighting, and communications for the mill. Major items of equipment 
include transformers, switchgear, and power lines. 

BASE CURVE 
The total cost is based on a single curve having an average power demand (X), in 
kilovolt amperes, for 60 Hz, three-phase electricity. The curve is valid for oper- 
ations between 100 and 125,000 kV°A. The curve includes all costs associated 
with acquisition and installation of transformers, switchgear, and power feeder 


lines. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost...... 5% 
Construction supply cost..... 16% 
Purchased equipment cost..... 79% 


The total capital cost is (Yc) = 349.601(x)9-839 and is distributed as follows: 


(L) Construction Labor Cost CY; Jas 17.480(x)0-839 


(S) Construction Supply Cost (Yg) = 55.936(x)0-839 
(E) Purchased Equipment Cost (Yg) = 276.185(x)9-839 


The capital costs consist of the following typical range of equipment costs: 


Small Large 
(100 to (1,000 to 
1,000 kvV°A) 125,000 kvV°A) 
Transformers..... 542 52% 
Switchgéar....... 464 48% 


Power Demand Power demand (X) may be estimated by summing the power cost portions 
of all operating cost sections and dividing the sum by the power cost per kilo- 
watt hour. As an alternate method, power demand may be estimated using the 
following equation based upon the Bond Work Index. 
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Power demand (X) = (11)(Q)(W)(P~0:5) 

where X = power demand, in KV°A (if single phase increase by 734), 

Q = feed rate, in metric tons per hour, 

W = Bond Work Index of rock being milled (if dry grinding, increase 
by 33%), 

product size, in microns. 


and P 


NOTE--kilovolt ampere (kV°A) is equivolent to kilowatt (kW); kV°A is com- 
monly used in the power generation industry to designate power demand. 


ADJUSTMENT FACTOR 


Multiproduct Operations and Complicated Flotation or Recovery Factor To adjust for 
multiproduct operations and complicated flotation or recovery processes, the 
kilowatts must be modified. A factor (Wx) must be used to reflect the change 
in power needs. This can range from Wy = 1 for some single-product copper 
porphyries with a nearby water source to Wy = 4 for multiproduct, complicated- 
chemistry, recovery circuits. This factor then becomes a multiplier of work 
index (W) and the product, Wx Wy, is then substituted for the original W in 
the power demand equation. The adjustment for the number of operating shifts 
per day is implicit in the choice of the hourly mill feed rate (Q) in the power 
demand equation. 
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6.1.8.4. Electrical system 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.8. GENERAL OPERATIONS 


6.1.8.6.2. LOADING FACILITIES 
LOAD-OUT FACILITIES 


Load-out facility capital costs are based on equipment needed to transport, store, 
and load-out for shipment concentrates from a mill via truck or train. Total stor- 
age capacity is equal to 2 days production of the concentrate from the mill. The 
load-out facility capital cost includes all costs associated with acquisition and 
installation of conveyors, storage bins, and bucket elevators. This curve is pri- 
marily applicable to low-grade deposits, such as copper or molybdenum deposits. As 
such, it will cover operations that mine between 2,000 and 60,000 mt of ore per day. 
The total capital cost is based on a single curve having a production rate (X), in 
metric tons of concentrate transferred from the mill to storage bins in a 24 h per- 
iod. The curve is valid for operations between 150 and 1,500 mtpd, operating one 
shift per day. 


BASE CURVE 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost...... 11% 
Construction supply cost..... 31% 
Purchased equipment cost..... 58% 


A typical breakdown of the load-out facility's major cost components is 


Bins and activatorS.ccccsccooe 782 
Buckets elevators. & sis we slots e's efeie ies 
CONVEVOTS..c eile s ccc wieie ds cc's este 154 


The total load-out facility capital cost is (Yq¢) = 5 ,923.123(x) +268 and is 
distributed as follows: 


(L) Construction Labor Cost (¥7)) = 651.543(X) 0-568 


1,836. 168(X)9-568 


(S) Construction Supply Cost (Yg) 


(E) Purchased Equipment Cost (Yg) = 3,435.411(x)9-568 
ADJUSTMENT FACTOR 


Secondary Concentrate Loadout Milling operations often recover and concentrate sec- 
ondary minerals such as molybdenum and uranium. The quantities recovered are 


seldom large in comparison to the primary mineral, running between less than 1 
up to 125 mtpd. The basic facilities used for loading out such material usual- 
ly consist of a small storage bin, a vibrating conveyor used for filling 37 to 
55 gallon drums, a roller conveyor for transporting the drums, and a fork-lift 
for loading drums into trucks or rail cars. These types of facilities are not 
included in this cost curve. If such operations occur at the proposed mill, 
the curve must be adjusted accordingly. 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.8. GENERAL OPERATIONS 


6.1.8.6.2. LOADING FACILITIES 
OFF-LOADING FACILITIES 


Off-loading facility capital costs are based on installation of equipment used in 
transporting ore from a reception point to storage bins adjacent to the mill during 
a two-shift-per-day operation. Storage capacity is between 800 and 12,000 mt of 
ore. Examples of the types of material stored would be coarse metallic ore, crush- 
ed limestone, and coal. For situations where larger storage facilities are needed, 
see the section 6.8.1.12., stockpile storage facilities. Off-loading facility cap- 
ital costs includes all costs associated with acquisition and installation of the 
conveyors, feeders, and storages bins required for this task. 


The total capital cost is based on a single curve having a production rate (X), in 
metric tons of concentrate off-loaded and stored in bins for use by the mill per 
day. The curves are valid for operations between 800 and 12,000 mtpd, operating 
two shifts per day. 


BASE CURVE 


The off-loading facility capital cost derived from the curve is a combination of 
the following costs: 


Construction, labor /cost.....- 43% 
Construction supply cost..... 45% 
Construction equipment cost.. 12% 


A typical breakdown of the off-loading facility's major cost components is 


Bans and jactivatore......... 847% 
Conveyors and feeders....... 13% 
Ramps and retaining walls... 3% 


The total off-loading facility capital cost is (Y¢) = 6,690.983(X)9+580 and is 
distributed as follows: 


(L) Construction Labor Cost (Yj) = 2 ,877.123(X) 9-580 


(S) Construction Supply Cost (Yg) = 3,010.942(x)0-580 
(E) Purchased Equipment Cost (Yp) = 802.918(x)9-580 


COST, thousands of dollars 
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6-1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.8. GENERAL OPERATIONS 


6.1.8.7. MAIN POWER LINES 


If power is to be obtained from a local power company, it is generally necessary to 
construct new facilities to connect the mine site to the existing power line net- 
work. This cost is usually borne by the mine company that desires to receive the 
service. For shorter distances and lower maximum power loads, this may simply en- 
tail extending existing, medium voltage (13- to 24-kV) distribution lines. To sat- 
isfy greater loads over longer distances, however, it is necessary to construct 
higher voltage (115-kV) transmission lines as well as substations dedicated to 
serve the mine solely. The following tabulation will aid the evaluator in deter- 
mining the appropriateness of the various options to his particular case. 


Load 
Range (MV° A) 


Main power line distribution 







Maximum distribution line length, km 
24 kV 13 kV 









Substation costs 
> 0 
95,000 
289 , 000 
630,000 
630,000 


Lat greater than 20 MV°A it is advisable to have the main substation at the 
mine site, thus only transmission lines are considered. 

Note--MV*A(million volt amperes) = 1000kW; KV°A(thousand volt amperes) = kW 
Both MV°A and KV°A are commonly used in the power generation industry to desig- 
nate power demand. 









LINE COSTS: 
Transmission lines $59,000/km 
Distribution lines $42,000/km 


It is important to understand that there is an inverse relationship between mega- 
volt amperes and maximum distribution line distances. Thus, in case 2, at 24 kV, 
the first or lowest load figure (4 MV°A) corresponds to the maximum distance 
figure (52 km) and the highest load to the lowest distance figure. 


It is also important to be aware of a few underlying assumptions regarding the five 
separate cases. Case 1 shows the power requirement range in which it is likely 
that existing distribution lines could supply the needed power. Thus there is no 
substation expense. The second and third cases assume that minor and major modifi- 
cations of an existing substation will be required, respectively. They also assume 
that new line needed will originate from that modified substation. For cases 4 and 
5 the large power requirements necessitate the construction of a completely new, 
dedicated substation. This facility will thus have to be fed by extending an ex- 
isting high-voltage, transmission line. In the instance of case 4 the site of the 
substation is as near the existing transmission line network as practicable; for 
case 5 the substation is assumed to be at the mine site. 


The costs contained in this section assume that the power company that will be 
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supplying the power will design and construct the line. Principal costs categories 
included are right-of-way purchase and clearing, access road construction, line and 
substation construction, permitting, and preconstruction design. 


The procedure for determining the system cost and requirements are as follows: 

1. Estimate the maximum power demand that the mine will require. If not available 
an estimate of this value may be made by the techniques contained in the appro- 
priate mine and beneficiation electrical system sections contained in this hand- 
book. It is recommended that, for estimating, horsepower and kW (or KV°A) be 
considered to be equivalent. Motor efficiencies as well as other system power 
losses generally account for much of the difference between the two units. 

2. Contact the probable power supplier to determine the "nearest useable source", 
or likeliest point from which power may be obtained. Depending upon present 
loading within the system this may or may not be the nearest transmission or 
distribution line. 

3. Calculate the actual maximum distribution line length on the basis of the pro- 
jected load using the following equations: 


24 kV load 

Maximum distribution line distance, in kilometers = 210/(P) 
13 kV load 

Maximum distribution line distance, in kilometers = 77/(P) 


where P = power requirements, in megavolt amperes. 


4. Determine distribution line costs by multiplying the lesser of either the total 
length of line required or the maximum length of distribution line as calcu- 
lated in step 3, by line cost per kilometer ($42,000). 

5. Estimate the transmission line cost by multiplying the remaining length of line 
needed by transmission line cost per kilometer ($59,000). Note that for great- 
er than 20 MV°A it is recommended that transmission lines be installed for 
the entire distance. 

6. Based on megavolt amperes, determine a substation cost from the previous tabu- 
lation and add this to the line costs already determined. The combination of 
line and substation costs is the total main power line cost. 


BASE CURVE 
System costs have been graphed for three different line distances over the range (X) 
of 2 to 40 MV°A. These curves are included to aid the manual user who is inter- 
ested in a very preliminary cost and desires to avoid the procedure outlined above 


for a more detailed cost determination. 


Freight charges from the east coast manufacturing plant to Denver, CO, for the 
major purchased equipment has been determined to be: 


Transformer: 32 Mt ecccccccccvvccccccccccece $7500 
Oil breaker: 3: @)3imtecach sateen sei aera ane $9600 


All other equipment and materials are considered to be locally available in Denver, 
co. 
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The total capital cost is based on single curves having power loads (X), in mega- 
volt amperes. The curves are valid for power loads of 2 to 40 MV°A. 


The capital cost derived from the curve is a combination of the following costs: 


Small Large 

(25to (20 to 

20 MV°A) 40 MV°A) 
Construction labor cost...... 504 47% 
Construction supply cost..... 50% 37% 
Purchased equipment cost..... = 164 


The total 10-km main powerline capital cost is 
(Yo 10-KM LINE) = 207,826.608(x)9-563 and is distributed as follows: 


(L) Construction Labor Cost , 
(Yr 10-KM LINE-SMALL) = 103,913.304(x) 9-563 
(YL 10-KM LINE-LARCE) = 97,678.506(x)9-563 


(S) Construction Supply Cost 
(Ys 10-KM LINE-SMALL. = 103,913.304(x) 9-563 
(Ys 10-KM LINE-LARCE) = 76,895.844(x)9-63 


(E) Purchased Equipment Cost 
(Yq 10-KM LINE-LARGE) = 33,252.257(x) 9-63 


The total 25-km main powerline capital cost is 
(Yo 25-KM LINE) = 644,990.250(x)9-370 and is distributed as follows: 


(L) Construction Labor Cost 
(Yr 25-KM LINE-SMALL) = 322,495.125(x) P3970 
(Yy, 25-KM LINE-LARGE) = 303, 145.418(x)9- 0 


(S) Construction Supply Cost 
(Ys 25-KM LINE-SMALL) = 322,495.125(x 
(Ys 25-KM LINE-LARGE) = 238,646.392(X) 


y 0.370 
0.370 


(E) Purchased Equipment Cost 
(Yr 25-KM LINE-LARGE) = 103,198.440(x) 9-370 


The total 50-km main powerline capital cost is 
(Yo 50-KM LINE) = 1,526,363.387(x)9+278 and is distributed as follows: 


(L) Construction Labor Cost 
Cyy" 50-KM LINE-SMALL) = 763, 181.694(x) 9-278 
(YL, 50-KM LINE-LARCGE) = 717,390.792(x)9+278 


(S) Construction Supply Cost 
(Ys 50-KM LINE-SMALL) — 763, 181.694(x) 9-278 
(Ys 50-KM LINE-LARCE) = 564,754.453(x)0-278 


(E) Purchased Equipment Cost : 
(Ye 50-KM LINE-LARGE) = 244,218.142(x) 9-278 


COST, thousands of dollars 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.8. GENERAL OPERATIONS 


6.1.8.8. MILL BUILDINGS 


The cost shown is for the mineral processing plant building, or buildings, erected 
on cleared land. 


BASE CURVE 


This cost curve is based on a conventional, one-product flotation mineral proces- 
sing plant and includes foundation and floor excavation, concrete floors and foot- 
ings, a steel superstructure, electrical and mechanical work, interior lighting, 
floor gratings and supports, insulation, interior control and instrument rooms, and 
overhead cranes. 


The total capital cost is based on a single curve having an area (X), in square 
meters of mill building area or on a single cost curve having a production rate (T), 
in metric tons ore processed per day. The curve is valid for areas of 170 to 
31,000 m, or 100 to 100,000 mtpd, operating three shifts per day. 


If building space requirements are known, the capital cost estimate may be made di- 
rectly by consulting the cost curve. If space requirements are not known, they can 
be estimated from the following equation: 


Square meters of building space (X) = 9.390(T)9-697 
where T = ore processed, in metric tons per day. 


The mill building capital cost distribution is as follows: 


Construction labor cost...... 49% 
Construction supply cost..... 504% 
Purchased equipment cost..... 1% 


The mill building section should not be used for processes that do not require 
building closure, such as limestone calcination. 


The total capital cost is (Y¢ gquaRE METERS) = 3,989.552(xX)9-869 and is dis- 
tributed as follows: 


(L) Construction Labor Cost Ole SQUARE METERS? = 1,954.880(x) 9-869 


(S) Construction Supply Cost (Yg squaRE METERS) = 1,994.776(x)0-869 


(E) Purchased Equipment Cost (Yr SQUARE METERS) = 39.896(x)0-869 
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The total capital cost is (Yc yrpp) = 32,407.203(T)9-574 and is distributed as 
follows: 


(L) Construction Labor Cost (Yjz, yppp) = 15,879.529(T)9-574 


(S) Construction Supply Cost (Yg yppp) = 16,203.602(T)9-574 
(E) Purchased Equipment Cost (Yg mrpp) = 324.072(1)0+574 


ADJUSTMENT FACTORS 


Shift Factor To adjust the capital cost for a different number of daily operating 
shifts, multiply the actual daily tonnage by the ratio of the base number of 
shifts (three) divided by the number of desired shifts. Then, use this modi- 
fied production rate in place of actual daily tonnage in the above tonnage, 
square-meter equation to obtain the adjusted building area. This factor need 
not be applied if actual building areas are known. 


Weather Factor The buildings are based on weather requirements for the Denver, CO, 
area. For facilities located in climates that vary from the Denver area, mul- 
tiply the costs obtained from the curve by the following factors: 


Mild areas: 
Weather factor (Fy mrp) = 0-94 


Severe areas: 
Weather factor (Fw SEVERE) = 1-08 


Open-Sided Building Factor For buildings with open sides, multiply the cost ob- 
tained from the curve by the following factor: 


Open-sided building factor F(0) = 0.82 
The weather factor should not be used in combination with this factor. 

Soil Factor The curve costs are based on a soil bearing capacity of 6,000 1b/ft2, 
which is the safe bearing capacity of loose, medium, or coarse sand, or fine 
compact sand. For soil bearing capacities other than 6,000 1b/ft2, multiply 
the cost obtained from the curve by the appropriate factor in the table below: 


Table 8. Soil factors 


Safe bearing capacity Type of soil Factor 
(103 1b/f£t2) 

3 vacs cs'6 bossy 6.0/6 sie oes Fine, loose sand or soft clay....... oe 4 
Occ 0.c o's elelle cleieleieiciaie oie Loose, medium or coarse sand, 

fine compact Sandeceoccccccccccscccs 1.00 
DO seis 0.010 616 bie osie aiiare'ats Compact sand and gravel, 

hard clay, gravel, coarse sand..... 0.92 
LGos:010 6.0'n on 05 1a aie snips Hardpan, SOft rocks cecccccccccccccce 0.89 
2hivs oe ow eles os oeieiae sic « Shale, medium-hardness rock. ccecceee 0.87 


LO Os steers uterc's oe tea eerie Solid hard TOCK ’sc.c 0's s 4.4 sela ce ctateleletainte 0.85 
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Two-Product Factor To obtain the adjusted number of square meters (X,5) for a two- 
product flotation mineral processing plant, calculate the square meters of 
building space with the following equation: 


Two-product factor (X»9) = 10.235(T)9-697 
where T = ore processed, in metric tons per day. 


Then use the adjusted square meters (X) in the square-meter-capital-cost 
equation. 


Three-Product Factor To obtain the adjusted number of square meters (X3) for a 
three-product flotation mineral processing plant, calculate the square meters 
of building space with the following equation: 


Three-product factor (X3) = 10.517(T)9-697 
where T = ore processed, in metric tons per day. 


Then use the adjusted square meters (X3) in the square-meter-capital-cost 
equation. 


Copper-Molybdenum Factor To obtain the adjusted number of square meters (X,) for 
a copper-molybdenum flotation mineral processing plant, calculate the square 
meters of building space with the following equation: 


Copper-molybdenum factor (Xc) = 11.080(T)9-697 
where T = ore processed, in metric tons per day. 


Then use the adjusted square meters (Xc) in the square-meter-capital-cost 
equation. 


Type of Operation Factors For types of operations differing from a conventional 
crush-grind-float operation, use the following equations to determine the num- 
ber of square meters (X9) required, based on capacities in metric tons per 
day or liters per minute. Then use the adjusted square meters (Xp) in the 
Square meter capital cost equation. 


Type of operation Equation Range of validity 


Concent rator-agglomerating 


plant. @eeeeeoeeoeeenwee*en7eeee8se @ @ (Xo) = 1.13(mtpd)-8, 230 10, 000-29, 000 mtpd 
SX-EW. @eeeeoeeee0nteee*ee37s7eesee 8 @ @ (Xp) = 1.09(L/min)-9,400 10, 000-20, 000 L/min 
Flotation with tabling... (Xp) = 0.267(mtpd)-54.8 950-1,000 mtpd 


Either a number-of-products factor or a type-of-operation factor may be used, but 
not both. If the user determines that none of the above adjustment factors apply, 
adjustments should be made to the costs based on the user's knowledge of the 
building requirements. 


Fine-Ore Bin Factor If fine-ore bins are to be included, add the cost obtained from 
the curve to the following factor: 


Fine-ore bin factor F(p) = 402.000(T)9-792 
where T = feed, in metric tons per day. 


To insulate fine-ore bins, add an additional $4/mtpd of feed. 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.8. GENERAL OPERATIONS 


6.1.8.9. MISCELLANEOUS EQUIPMENT 


The capital costs are for nondefined equipment that may be included in some opera- 
tions and excluded in others. Items in this category would be instrumentation, com- 
munications, emergency lighting, standby generators, and special purpose equipment. 


BASE CURVE 


This curve was established as 5% of the cost of utilities and facilities excluding 
the mill buildings item. The total capital cost is based on a single curve having 
an adjusted feed rate (X), in metric tons mill feed per day. The curve is valid 
for operations between 100 and 100,000 mtpd, operating three shifts per day. The 
curve includes all costs associated with acquisition and installation of any mis- 
cellaneous equipment. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost...... 25% 
Purchased equipment cost..... 74% 
Transportation COSt.....eeee. 1% 


The total capital cost is (Yq) = 492.481(x)9-689 and is distributed as follows: 
(L) Construction Labor Cost (Yj) = 124.620(x)0-689 


(E) Purchased Equipment Cost (Yr) = 373.861(x)9+689 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.8. GENERAL OPERATIONS 


6.1.8.10. OFFICES AND LABORATORIES 


The cost curve for offices and laboratories includes construction of general of- 
fices, engineering and safety offices, and laboratories, including furnishings as 
well as all necessary assay and metallurgical equipment. Building costs are based 
on masonry two-story buildings. In this section, office and laboratory capital 
costs are presented separately. 


BASE CURVE 


The costs obtained from this curve are based on the assumption that these facil- 
ities will be used only for mineral processing operations. If the mineral proces- 
sing plant and mine are to share the same facilities, the user must determine, 
using a knowledge of the requirements, what can be jointly used and apportion the 
resulting costs for the mine and plant. 


OFFICES 


The total office capital cost is based on a single cost curve having an area (X), 
in square meters of office space or on a single cost curve having a production rate 
(T), in metric tons material processed per day. The curve is valid for areas of 
8.5 to 4,600 m2, or 85 to 230,000 mtpd, operating three shifts per day. The cap- 
ital cost curve for offices includes construction of administrative, engineering, 
and safety office space, as well as office furnishings. 


If office space requirements are known the capital cost estimate may be made di- 
rectly by consulting the curve; if space requirements are not known they can be 
estimated from the following equation: 


Square meters of office space = 0.206(T) 9-826 
where T = material processed, in metric tons per day. 


The office capital cost derived from the curve is a combination of the following 
costs: 


Construction labor cost...... 38% 
Office supplyicost. 3... «ss + te 14% 
Purchased equipment cost..... 48% 


The total office capital cost is (Y¢ SQUARE METERS) = 591.395(X)9+979 and is 
distributed as follows: 


Cr) Construction Labor Cost Gy OFFICES-SQ mM) = 224.730(x)9-979 
(S) Office Supply Cost (Yg orFicEs-sq M) = 82.795(X)9-979 


(E) Purchased Equipment Cost (Yr OFFICES-SQ ») = 283.870(x)9-979 
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The total office capital cost is (Yc yppp) = 125.878(T)9-809 and is distributed 
as follows: 


(L) Construction Labor Cost (Yy, ofFICES-MTPD) = 47-834(T) 9-809 


(S) Office Supply Cost (Ys OFFICES-MTPD) = 17.623(T)9+809 


(E) Purchased Equipment Cost (Yg oFFICES-MTPpD) = 60.421(T)9-809 
LABORATORIES 


The total laboratory capital cost is based on a single cost curve having an area 
(X), in square meters of office space or on a single cost curve having a production 
rate (T), in metric tons material processed per day. The curve is valid for areas 
Of Sie anls 725 m?, or 800 to 230,000 mtpd, operating three mining shifts per 

day. The capital cost curve for assay. laboratories includes construction of sample 
prepara- tion, analytical, and metallurgical laboratory space as well as crushing, 
assaying, and metallurgical laboratory equipment. The capital cost is based on 
steel building construction and is for a lab used only by the mine. 


If laboratory space requirements are not known they can be estimated from the 
following equation: 


Square meters of laboratory space (A) = 8.316(T) 09-436 
where T = ore processed, in metric tons per day. 


The total laboratory cost derived from the curve is a combination of the following 
costs: 


Construction labor cost...... 36% 
Laboratory supply cost....... 24% 
Purchased equipment cost..... 404% 


The total laboratory capital cost is (Y¢ squaRE METERS) = 1,146.989(x)9+909 ana 
is distributed as follows: 


(L) Construction Labor Cost (Yj, ,ags-sq mM) = 412.916(x) 9-909 


(S) Laboratory Supply Cost (Ys Lapgs-sq mM) = 275.277(K)0-909 
(E) Purchased Equipment Cost (YR ,aps-sq M) = 458.796(X)9-909 


The total laboratory capital cost is (Yc yrpp) = 11,670.278(T)9+359 and is dis- 
tributed as follows: 


(L) Construction Labor Cost (Yy ,Aapgs-mTpp) = 4,201.300(T) 9-359 

(S) Laboratory Supply Cost (Yg ,aps-mrpp) = 2,800.867(T)9-3>9 

(E) Purchased Equipment Cost (Yr yaps-mTpp) = 4,668.111(T)9-359 
ADJUSTMENT FACTORS 


Laboratory Shift Factor The square meters of laboratory space required is based on 
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a three-shift operation. To adjust the capital cost for a different number of 
daily operating shifts, multiply the actual daily tonnage by the ratio of the 
base number of shifts (three) divided by the number of desired shifts. Then, 
use this modified production rate in place of actual daily tonnage in the area 
versus tonnage equation to obtain the adjusted area. Then, enter the adjusted 
area in the cost equation to obtain the adjusted capital cost. The square 
meters of office space is not contingent on the number of shifts and requires 
no adjustment. If the number of square meters of laboratory space is known, do 
not use this adjustment factor. 


Weather Factor The buildings are based on weather requirements for the Denver. CO, 
area. For facilities located in climates that vary from the Denver area, mul- 


tiply the costs obtained from the curve by one the following factors: 


Mild areas: 
Weather factor (Fy mipp) = 0-94 


Severe areas: 
Weather factor (Fw SEVERE) = 1.08 


Wind and Snow Load Factor The buildings are based on typical Denver, CO, area 
requirements for an equivalent combined wind and snow load of 20 1b/ft2. To 
adjust the costs for more severe conditions (greater than 40 1b/ft2), multi- 
ply the costs obtained from the curve by the following factor: 


Wind and snow load factor (Yw SEVERE) = 1-03 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.8. GENERAL OPERATIONS 


6.1.8.11. PORTABLE POWER GENERATION 


This section is to be used in conjunction with section 6.1.8.4. when electrical pow- 
er is unavailable through a commercial power utility company or when it would be 
uneconomical to run power distribution facilities to the user. No adjustments are 
necessary for the mine or mineral processing plant electrical system (sections 
2.2.4.2. and 4.2.5.3. (IC 9142), and 6.1.8.4.) because output power matches the 
power input to the mine/processing plant transformer-switchgear substations. 


The cost shown is for acquisition and installation of the primary power source, 
either a horizontal-diesel or a gas-turbine operated generator. The cost curve 
is based on a single 60-Hz, three-phase electrical generator providing all power 
at the rated kilowatt output. This section should be included in the mine and/or 
mineral processing plant capital cost totals. 


BASE CURVE 


The total capital cost is based on a single cost curve having an average continuous 
power output (X), in kilowatts. The curve is valid for generators between 18 to 
23,600 kW. The curve includes all costs associated with the acquisition, trans- 
portation, and installation of single-unit generators. 


To convert from kilovolt amperes (kV°A) demand to kilowatt (kW) power output, 
estimate power factor (PF). This may vary from 0.80 for electric motor circuits to 
1.00 for electric light circuits. The kilowatt power output is then determined by 
kV°A X PF = kW. 


The portable power generation costs derived from the curves are a combination of 
the following costs:: 


Horizontal diesel Gas turbine 


(18 to (2,900 to 

2,900 kW) 23,600 kW) 
Installation labor cost.....eec- 214 217% 
Installation materials cost.... 20% 20% 
Purchased equipment cost....... 58% 59% 
ELreGi ght COs8t ss... ss sass alee ssc 12 - 


Installation is assumed to be half labor and half materials. 


The total diesel-powered portable power generation capital cost is 
(Yc DIESEL) = 797.574(x)9+876 and is distributed as follows: 


(L) Installation Labor Cost (Yy, preser) = 167-491(x)9-876 


(S) Installation Materials Cost (Ys pIFSEL) = 159.514(x)0-876 


(E) Purchased Equipment Cost (Yr prEsE1,) = 470.568(x)9°876 
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The total turbine-powered portable power generation capital cost is 
(Yo TURBINE) =2,251-219(x)9-872 and is distributed as follows: 


(L) Installation Labor Cost (Yj, ryrBInE) = 472.756(X) 9-872 
(S) Installation Materials Cost (Yg TyRRBINE) = 450.244(xX)0-872 
(E) Purchased Equipment Cost (Ye TURBINE) = 1,328.219(x)9-872 


Power Output Determination For surface mine power output (kW), see Electrical Sys- 
tem (section 2.2.4.2., IC 9142). For underground mine and mineral processing 
plant power demand (kV°A), see Electrical System [sections 4.2.5.3., (IC 
9142) and 6.1.8.4.] 


ADJUSTMENT FACTORS 


Power Rate If power is to be supplied by more than one unit, the total power output 
should be divided by the number of required units to obtain the power output 
per unit (X) needed for entering the curve. After the unit cost has been cal-_ 
culated, the cost must be multiplied by the total number of units used. 


Power Source If geography or economics necessitate multiple power sites to support 


mines and mineral processing plants, portable power cost should be estimated 
separately for each site using this section. 


Economic Life The normal economic life for generators is 25,000 h for units rated 
at 1,100-kW output or greater and ranges from 11,000 to 17,500 h for units 
rated at less than 1,100-kW output. 


If the units are operated at standby rates, roughly 10% over capacity, the e- 
conomic life would decrease by 50%. 


If high-sulfur fuels are used, the economic life would be decreased by 252. 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.8. GENERAL OPERATIONS 


6.1.8.12. STOCKPILE STORAGE FACILITIES 


A stockpile storage facility provides sufficient storage capacity for a material 
until it can be further processed. A storage facility may also provide adequate 
reserve material to dampen surges in the material supply. Examples of materials 
stockpiled are smelter flux, coal, and coarse ore. For this base curve, capital 
cost is correlated to the live storage capacity of the stockpile facility. Live 
storage capacity of a stockpile is normally about 25% of the total stockpile capac- 
ity and 150% of the daily stockpile reclaim rate. The stockpile storage facility 
capital cost includes all costs associated with acquisition and installation of 
stockpiling conveyors, reclaim tunnels, reclaim feeders, and reclaim conveyors. 


BASE CURVE 
The total capital cost is based on a single curve having a live storage capacity 
(X), in metric tons material. The curve is valid for 3,000 to 300,000 mt, operat- 


ing two shifts per day. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost...... 13% 
Construction supply cost..... 36% 
Purchased equipment cost..... 51% 


A typical breakdown of the major cost components is 


Reclaim .f6ede@rs ss cicic-o.s siete o 950 14% 
Stockpiling conveyor....ceeee 23% 
Reclaim tunnels.....csccceces 31% 
Reclaim conveyors....eccseees 32% 


The total stockpile storage facility capital cost is (Yq) = 1,401.013(x)9+998 
and is distributed as follows: 


(L) Construction Labor Cost (Y;) = 182.132(x) 9-598 


(S) Construction Supply Cost (Yg) = 504.365(X)0-598 
(E) Purchased Equipment Cost (Y,) = 714.516(x)9-598 


COST, thousands of dollars 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.8. GENERAL OPERATIONS 
6.1.8.13. VEHICLES 
The vehicles capital cost is for the acquisition of service vehicles assigned ex- 
clusively to the mill. 

BASE CURVE 
The total capital cost is based on a single curve having an adjusted feed rate (X), 
in metric tons mill feed per day. The curve is valid for operations between 100 
and 100,000 mtpd, operating three shifts per day. The curve includes all costs as- 
sociated with acquisition of pickup and flatbed trucks, hydraulic cranes, front-end 
loaders, forklifts, bulldozers, and draglines. 


The capital cost derived from the curve is a combination of the following costs: 


Purchased equipment cost..... 98 
Transportation cost... ses 2 


XS 


The total capital cost is (Yc) = 37, 846.120(x)9+349, 


The capital costs consist of the following typical range of equipment costs: 


Small Large 
(100 to (25,000 to 
3,500 mtpd) 100,000 mtpd) 

Pickup & flatbed trucks 3% 4% 
Cranes - oar 
Front-end loaders 44% 19% 
Forklifts 164% Ze 
Bulldozers 37% 23% 


Draglines - 25% 


COST, thousands of dollars 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.8. GENERAL OPERATIONS 


6.1.8.14. WATER SUPPLY SYSTEM (MAKEUP WATER) 


Water is supplied from aquifers or surface sources to mineral processing plants 
primarily for ore processing. Depending on the mineral processing method, the 
water volume required will vary. The water supply system capital cost for a min- 
eral processing plant (and/or a surface mine, section 2.2.4.10.2., IC 9142) is 
based on daily water consumption. 


If total daily volume (mine and mineral processing makeup water) is known, the man- 
ual user should enter this volume in the equation given below (unless the mine is 
supplied with water from an independent source). The total cost may be alloted as 
follows: 


a) 9% to section 2.2.4.10.2. (surface mine, IC 9142). 
b) 91% to section 6.1.8.14. (mineral processing) 


NOTE--Percentages are derived from the Bu Mines IC 8285 dealing with water 
consumption for U.S. mines and mineral processing plants. Different percentages 
may be obtained if an actual breakdown of mine and mineral processing plant is 
known. 


For flotation plants, the total water required varies from 2.5 to 4.5 m3/mt float- 
ed. Ten to 40% of the water required is makeup water. Gravity concentration may 
require as much as 8 m? of water per metric ton of ore feed. About 10% of this 
figure is new water and the rest reclaimed. 


BASE CURVE 


The total capital cost is based on a single curve for a water volume (X), in cubic 
meters per day and is valid for volumes of 1,000 to 150,000 m?/d, operating three 
shifts per day. The curve is predicated on an average pumping head of 291 m, and 
pumping distances ranging from 3 to 53 km, and consists of wells, storage tanks, 
pipelines, distribution piping, pumps, and fittings. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost...... 54% 
Construction supply cost..... 13% 
Purchased equipment cost..... 32% 
Freight cost...mecesdes cscs 1% 


A typical breakdown of equipment major cost components is 


Pipeline. @eeeeeeeoee@e@eoeeeeeeee @ 582% 
Pumps @eseeeeoeveev,eeeeeeoeeeeeeeeeee @ 264 
Storage tankS....cccccccccces 164 


The total capital cost is (Yc) = 848.677(X)9*893 and is distributed as follows: 
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(L) Construction Labor Cost (Y;) = 458.286(x)0-893 


(S) Construction Supply Cost (Yg) = 110.328(x)0-893 
(E) Purchased Equipment Cost (YR) = 280.063(x)9-893 


ADJUSTMENT FACTORS 


Pumping Distance Factor To adjust the capital cost for actual pumping distances, 
multiply the cost by the following factor: 


Pumping distance factor (Fp) = 0.03+[12.516(D) (x) 70-549] 
where D = actual distance, in kilometers, 
and xX = volume, in cubic meters per day. 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.10. INFRASTRUCTURE 


6.1.10.1.1. ACCESS ROADS 
CLEARING 


The total cost per kilometer is the sum of two separate cost curves (labor and e- 
quipment operation) having a roadway width (X), in meters. The curves are valid 
for widths between 3 and 30 m, operating one shift per day. This cost is multi- 
plied by the total kilometers to obtain the capital cost. Each curve includes all 
of the daily operating and maintenance costs associated with clearing for access 
roads. Supplies have not been considered in the clearing costs because it is as- 
sumed that cleared brush or timber would be buried under the excavation waste; 
thus, supplies of fuel oil for burning the clearing slash are not required. 


BASE CURVE 
The curves are based on estimated costs for clearing medium growth on terrain with 


a side slope of 25%. Medium growth varies from heavy brush to one tree, 0.33 m in 
diameter, per 40 m2, 


(L) Labor Operating Cost (Y;) = 1,135.467(x)9-711 


The operating labor costs are distributed as follows: 


Direct VAD OT wtetalclotate rors eretete ce 86% 
Maintenance labor....ccceee 142 


The direct labor costs consist of the following typical range of personnel: 


Av salary 


per hour 

(base rate) 
DOZETr Operator. cescssceee ss 122% 16733 
Wheel-loader operator...... 12% 16.33 
Flatbed-truck driver....ec. tQe 15.89 
General laborer...ccccccecs 642% 13.86 


The average wage for labor is $14.63 per worker-hour (including burden and 
average shift differential). 


(E) Equipment Operating Cost (Yp) = 467.945(x)0-711 


The equipment operating cost consists of 35% for repair parts, 534 for fuel and 
lubrication, and 12% for tires. 


The equipment operating cost consists of: 


Dozer crawler.ceccccccccece 31K 
Wheetiiloader. Gnu deletes 47% 
Pika thedmtritickid. |. slstele <i cidlels cle 12% 
PECKUDLETUCK. » os ss 5 «0.06 000 9% 


Ci Pee StS cislwkcle's ¢ 4 nleie's wen atele it 4 
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The equipment operating cost distribution is 


Repair parts Fuel and lube Tires 
DOZer Crawlers .<c cscs ces 522 48% ~ 
Whee l<load@Tremale cto ccee cs ete 36% 432 21% 
Plat bedveruCk sts osc cise cere sere 9% 802% 11% 
PUCKUPTE TUCK as ve ooo aisieleis ore 8% 904% 2% 
Chainsaws. cle scs s'6\e41s ees ele oe 39% 61% = 


ADJUSTMENT FACTORS 


Brush Factor For light clearing conditions where the growth consists mainly of 
brush and small trees, multiply the curves by the following factors: 


Brush factor (Fp LIGHT) = 0.25 
For heavy clearing conditions, defined as when clearing a dense growth of trees 
(diameter of the trees commonly exceeding 0.33 m), multiply the curves by the 
following factor: 


Brush factor (Fz DENSE) = 1.75 


Side Slope Factor For clearing on terrain with side slopes other than 204 to 30% 
multiply the curves by the following factors: 


For clearing on terrain with side slopes of 0% to 204, 
Side slope factor (Fg oz%-297) = 0.8 
For clearing on terrain with side slopes of 30% to 502, 
Side slope factor (Fg 39%-59%) = 1.8 
For clearing on terrain with side slopes of 50% to 1002, 
Side slope factor (Fs 50%-100%) = 2-5 
Burning Equation If fuel oil (for burning slash) or other supplies, such as cables 
and chokers, are used, add the following supply cost equation to the total cost 


per kilometer. The total cost per kilometer for supplies is for a roadway of 
width (X), in meters, varying in width from 3 to 30m. 


(S) Supply Operating Cost (Ys BURNING) = 269.796[0. 100(x) ]-0- 0303 


This cost is multiplied by the total kilometers, valid for values between 3.33 
to 3,333.33 km, to obtain the capital cost. 


For clearing operations from 1 to 500 ha (roadway width in meters multiplied by 
roadway length in meters multiplied by 0.0001), the supplies consist of 78% for 
fuel oil and 22% for tools, cables, and chokers. For clearing operations of 
500 to 1,000 hectares, supplies consist of 83% for fuel oil (for burning wood 
and scrub) and 17% for tools, cables, and chokers. 
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Equipment Factor Where it is necessary to purchase equipment, or have a subcon- 
tractor perform the work, multiply the equipment operation value by the follow- 
ing applicable factor in order to obtain the total value of equipment expense 


for ownership and operation: 


Shifts per WAY cine cielele slasigve's 1 2 3 
MAC COTelele cleleleloleleictere ovelelststorere 1.91 1.68 L261 


Subcontractor Factor If a subcontractor is used multiply the costs obtained from 
the curve by the following factors, to compensate for the subcontractor's mark- 


up: 
Labor factor (Fy,,) = 1.5 
Supply factor (Fos) = 1.2 


Equipment operation factor (FR) = 1.2 


100,000 


COST, dollars per kilometer length 


Mineral Processing—Capital Costs 










] Y, = 1,135.467(X) 
Ye = 467.945(x) 
SE<EXE eaO 





WIDTH, meters 


6.1.10.1.1. Access road 
CLEARING 


225 
6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.10. INFRASTRUCTURE 


6.1.10.1.2. ACCESS ROADS 
DRILL AND BLAST 


The total cost per kilometer is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) having a roadway width (X), in meters. The curves 
are valid for widths between 3 and 30 m, operating one shift per day. This cost is 
multiplied by the total kilometers to obtain the capital cost. Each curve includes 
all of the daily operating and maintenance costs associated with drilling and blast- 
ing for access roads. 


BASE CURVE 


The curves are based on estimated costs for drilling and blasting a cut with a sin- 
gle ditch. The terrain has a side slope of 0% to 20%, and the cut contains 504 
rock. 


(L) Labor Operating Cost (Yj;) = 9 ,633.822(x) 9-496 
The operating labor costs are distributed as follows: 


Direct Lap OLE me eerie ec teters 79% 
Maintenance labor....cccoes Dile 


The direct labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
Air=track vdriller o.oo 00550 337 $16.78 


Compressor operator...e.eee 17% 1/02,3 
RUCKER CONG Wels slclstule stele atelel se 27% 13.56 
Powd@ rman... sss sess css oo 6 8% 16.33 
Powderman helper.....ccseee 7% 14.56 
Flatbed-truck driver....... 8% 15389 


The average wage for labor is $15.68 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 7,247.524(x)0-644 
The supply cost consists of 79% blasting supplies and 21% drilling supplies. 


Drilling supplies consist of percussion drill bits, rods, striking bars, and 
couplings; blasting supplies consist of dynamite, ANFO, electric blasting caps, 
and connecting wire. 


(E) Equipment Operating Cost (Yg) = 4,109.384(x) 0-496 


The equipment operating cost consists of 51% for repair parts, 48% for fuel and 
lubrication, and 1% for tires. 


The equipment operation curve consists of: 
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Agr=trackvdri'lls voice e's sinters 33% 
Portable compresSSoOrs....ee. 55% 
Flatbed) trucks. . sci ciate sc a 7% 
Pickup struck... .cusices ee ces 5% 


The equipment operating cost distribution is 


Repair parts Fuel and lube Tires 
Air-track) dragdslisn .iacri. sete te 93% 7% - 
Portable compressors....... 34% 652% 1% 
Plat bedP@truckisls <seiers siteictels «is 9% 80% 112% 
Pickuppemuc kiaiel s s,siefetote efeters 8% 90% 2h 


ADJUSTMENT FACTORS 


Rock Factor For drilling and blasting cuts that contain other than 50% rock, mul- 
tiply the costs obtained from the curves by the following factors: 


For drilling and blasting cuts containing 25% rock, 
Rock factor (Fp 957) = 0.6 

For drilling and blasting cuts containing 100% rock, 
Rock factor (Fr 1097) = 1.4 


Side Slope Factor For terrain with side slopes other than 0% to 20% multiply the 
cost obtained from the curves by the following factors: 


For clearing on terrain with side slopes of 20% to 50Z, 
Side slope factor (Fg 997-59%) = 1-5 
On terrain with side slopes in the range of 50% to 100%, 
Side slope factor (Fg 50%-100%) = 3.0 
Equipment Factor Where it is necessary to purchase equipment, or have a subcon- 
tractor perform the work, multiply the equipment operation value by the follow- 
ing applicable factor in order to obtain the total value of equipment expense 


for ownership and operation: 


Shittss pereday. visss cis ciel cs | 2 3 
FACTO otile te tele jattele olate %e olabetess Dieulen. 1.84 ikaw ee 


Subcontractor Factor If a subcontractor is used, to compensate for the subcon- 
tractor's markup, multiply the costs by the following factors: 


Labor factor (F,) = 1.5 
Supply factor (Fg) = 1.2 


Equipment operation factor (F,) = 1.2 


COST, dollars per kilometer length 


100,000 


10,000 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.10. INFRASTRUCTURE 


6.1.10.1.3. ACCESS ROADS 
EXCAVATION 


The total cost per kilometer is the sum of two separate cost curves (labor and e- 
quipment operation) having a roadway width (X), in meters. The curves are valid 
for widths between 3 and 30 m, operating one shift per day. This cost is multi- 
plied by the total kilometers to obtain the capital cost. Each curve includes all 
of the daily operating and maintenance costs associated with excavation for access 
roads. 


BASE CURVES 


The curves are based on a dozer excavation operation that is working on terrain 
with a side slope of 25%, side-casting from cuts or ditches to a 30-cm fill or to 
waste. The material to be excavated is either blasted rock or a common conglomer- 
ate that presents some difficulty in cutting and drifting. 


(L) Labor Operating Cost (Yj) = 29.843(x) 1-870 


The operating labor costs are distributed as follows: 


Direct VAabDOTiea ce re ele ttle ec ce 604 
Maintenance labor..ccccccce 40% 


The direct labor costs consist of the following typical range of personnel: 


Av salary 
per hour 
(base rate) 


DOZELP OPEL ALON.) Gicisis cfc islere'e 604 $16.33 


Grader operator. .cscccccces 20% 16.33 
Water-truck driver....ccceoe 20% 15.09 


The average wage for labor is $16.24 per worker-hour (including burden and 
average shift differential). 


(E) Equipment Operating Cost (Yp) = 27.128(x) 1-870 
The equipment operating cost consists of 46% for repair parts, 50% for fuel and 


lubrication, and 4% for tires. 


The equipment operation curve consists of: 


DOZETraCrawlersiss. « sls clsiails cir 47% 
Dozer-ripper crawler....... 25% 
Motorherade ri. ciece s sce oles 15% 
Water Uruck tn sis sic cis sete cea 9% 


Pickup trucks in wines oc eieec ee 4% 
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The equipment operating cost distribution is 


Repair parts Fuel and lube Tires 
DOZEr, Crawle rss. cess secs os 512% 49% - 
Dozer ripper crawler....... 534 47% - 
Motor graderivine. dunes cle 6 45% 412 142% 
MACELALTUC Ka ect wie ors selects’ s © 29% 55% 16% 
PICKUDMELUCK eae sls co sies 6 c'sre 8% 90% 2% 


ADJUSTMENT FACTORS 


Side Slope Factor On terrain with a side slope other than 20% to 30%, multiply the 
costs obtained from the curves by the following factors: 


For clearing on terrain with side slopes of 0% to 20%, 
Side slope factor (Fg gz-2097) = [0.8(S)]0-600(W) 9-756 
where S = side slope [defined as 1 + (percent slope/100)], 
and W = roadway width, in meters. 

For clearing on terrain with side slopes of 30% to 100Z, 
Side slope factor (Fs 397-100z7) = [0.8(S) ]3-958(W) 0-087 
where S = side slope [defined as 1 + (percent slope/100)], 


and W = roadway width, in meters. 


Material Factor For excavation of materials that are easy to cut and drift, mul- 
tiply the costs obtained from the curves by the following factor: 


Material factor (Fy pasy) = 0-75 


For excavation of extremely wet and sticky material, multiply the costs obtain- 
ed from the curves by the following factor: 


Material factor (Fy prirricuLT) = 1-33 
Equipment Factor Where it is necessary to purchase equipment, or have a subcon- 
tractor perform the work, multiply the equipment operation cost obtained from 


the curve by the following applicable factor in order to obtain the total value 
of equipment expense for ownership and operation: 


Shifts per CSA Visulig eicielets os cists 1 2 3 
ACE OT sisislolocustatste ccoteleleleletels ore 1.94 Lier ih 1.63 


Subcontractor Factor If a subcontractor is used, to compensate for the subcon- 
tractor's markup, multiply the costs obtained from the curves by the following 
factors: 


Labor factor (Fy) = 1.5 


Equipment operation factor (Fr) = 1.2 


COST, dollars per kilometer length 


100,000 


10,000 


1,000 


100 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.10. INFRASTRUCTURE 


6.1.10.1.4. ACCESS ROADS 
GRAVEL SURFACING 


The total cost per kilometer is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) having a roadway width (X), in meters. The curves 
are valid for widths between 3 and 30 m, operating one shift per day. This cost is 
multiplied by the total kilometers to obtain the capital cost. Each curve includes 
all of the daily operating and maintenance costs associated with gravel surfacing 
of access roads. 


BASE CURVE 
The curves are based on costs for preparing a road subbase, spreading surfacing ma- 


terial on the roadway, and compacting the surfacing material to a depth of 0.20 m. 
The surfacing material is delivered to the jobsite in suppliers' trucks. 


(L) Labor Operating Cost (Yj) = 293.304(X) 9-667 


The operating labor costs are distributed as follows: 


Direct VAD O Dee trter ale telatote eels 83% 
Maintenance labor...ccccoece yas 


The direct labor costs consist of the following typical range of personnel: 


Av salary 


per hour 

(base rate) 
Grader operatoOr...c.ccccceee 212% 16.33 
Roller operator..cccccccces 21% 16.33 
DUM el ose als cis s/s se ielela e510 45.6 18% 13.86 
Grade CHECK EG cisterels- cretetorstotareis 20% 15.89 
Water-truck driver......... 204 15.89 


The average wage for labor is $15.66 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 6, 880.012(x) 1-006 


The supply cost consists of 100% minus 1.9-cm road-surfacing gravel. The grav- 
el, delivered and dumped on the roadbed by suppliers' trucks, costs $13.76 per 
metric ton. 


(E) Equipment Operating Cost (Yp) = 135.032(x) 0-667 


The equipment operating cost consists of 37% for repair parts, 51% for fuel and 
lubrication, and 12% for tires. 


The equipment operation curve consists of: 


Zoe 


MObCOr grade rece cites sie wie cele 42% 
Rubber-tired, 

self-propelled roller..... 19% 
Water truck. ccccccccccccces 26% 
PLCKUDSETUCKels + see's cle slo's e's 13% 


The equipment operating cost distribution is 


Repair parts Fuel and lube Tires 
MOUO re rader. sts ses slecis'e es 45% . 412% 14% 
Rubber-tired, 
self-propelled roller..... 49% 40% 11% 
Water truck 22. Ft Serene 29% 55% 16% 
Pickup truck .'c cc's cieiselecsicis > 8% 90% Dae 


ADJUSTMENT FACTORS 


Equipment Factor Where it is necessary to purchase equipment, or have a subcon- 
tractor perform the work, multiply the equipment operation cost obtained from 
the curve by the following applicable factor in order to obtain the total value 
of equipment expense for ownership and operation: 


Shifts per UY cisiciels ote cisteletors l #4 5 
PaCtlor sf aiereeievere’etetele etevetelete ats 2205 1.79 1270 


Subcontractor Factor If a subcontractor is used multiply the costs obtained from 
the curves by the following factors to compensate for the subcontractor's mark- 


up: 
Labor factor (Fp) = 91.5 
Supply factor (Fg) = 1.2 


Equipment operation factor (F,) = 1.2 


1,000,000 


100,000 


10,000 


1,000 


COST, dollars per kilometer length 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.10. INFRASTRUCTURE 


6.1.10.1.5. ACCESS ROADS 
PAVING 


The total cost per kilometer is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) having a roadway width (X), in meters. The curves 
are valid for widths between 3 and 30 m, operating one shift per day. This cost is 
multiplied by the total kilometers to obtain the capital cost. Each curve includes 
all of the daily operating and maintenance costs associated with paving of access 
roads. 


BASE CURVE 


The curves are based on a paving operation for laying and compacting hot-mix as- 
phalt concrete (purchased locally from a hot-mix plant) to a depth of 5.1 cm. 
Costs to produce an appropriate paving road base are covered in section 
6.1.10.1.4., Gravel Surfacing. 


(L) Labor Operating Cost (Y,) = 117.710(x)!-005 
The operating labor costs are distributed as follows: 


Diréectelabortes. s ccsb eee 802 
Maintenance labor....cccoee 20% 


The direct labor costs consist of the following typical range of personnel: 


Av salary 
per hour 
(base rate) 


Paverfoperators..+eses eee se 13% $16.33 


Roller OPCratOre.cececcccves 26% 16.33 
General laborer....ccccccee 222 13.86 
Rear-dump truck driver..... 39% 15.89 


The average wage for labor is $15.55 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 2,661.382(x)!-005 


The supply cost consists of 100% asphalt concrete (minus 1.9-cm hot mix). The 
asphalt concrete, supplied by a local hot-mix plant, costs $26.37 per metric 
ton. 


(E) Equipment Operating Cost (Yp) = 68.436(x) 1-005 


The equipment operating cost consists of 32% for repair parts, 58% for fuel and 
lubrication, and 10% for tires. 


The equipment operation curve consists of: 


ids Ha 


Asphalt paver.ccccccccccece 20% 
Rubber-tired, 


self-propelled roller..... 5% 
Steel-wheeled, 

PandemorOMVler. «cesses cecs 5% 
Rear-dump trucks...ccccecee 64% 
WACKUDSC DUC Katee otatelals ois els 6 0.4 6% 


The equipment operating cost distribution is 


Repair parts Fuel and lube Tires 

ASPHALt PAaVeTites cers eels co's 68% 32% - 
Rubber-tired, 

self-propelled roller..... 43% 512% 6% 
Steel-wheeled, 

Pandemero lle rc tisk lovarcrstossroxe ts 50% 50% - 
Rear-dump trucks.....eeeeee 22% 634 15% 
DECIDE C TUCK sats cisishs «alesis 6. 8% 90% 2% 


ADJUSTMENT FACTORS 


Supply Factor The supplies cost should be adjusted for changes in the base asphalt- 
concrete price. 


Equipment Factor Where it is necessary to purchase equipment, or have a subcon- 
tractor perform the work, multiply the equipment operation cost obtained from 
the curve by the following applicable factor in order to obtain the total value 
of equipment expense for ownership and operation: 


Shitts per day. cece cs sie crates 1 2 3 
WaACTOTetolelorcteterorevetotete ie e cise evere 1.44 rs3 1729 


Subcontractor Factor If a subcontractor is used multiply the costs obtained from 
the curves by the following factors to compensate for the subcontractor's mark- 
up: 


Labor factor (F,) = 1.5 
Supply factor (Fg) = 1.2 


Equipment operation factor (Fr) = 1.2 
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6-1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.10. INFRASTRUCTURE 


6-1.10.2. TOWNSITE 


The following housing costs are for a typical average quality park based on using 
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trailers or manufactured mobile home housing containing between 150 and 200 units. 


Costs are quoted per individual housing unit. Costs are factored by using the 


Bureau of Labor Statistics Industrial Materials Cost Index. Site costs do not in- 
clude land-site acquisition, construction of utility trunk lines to the site, ora 


waste water treatment plant. Waste water disposal uses a septic tank and drain 


field; however, transportation and setup costs to areas within 100 miles of Denver, 


CO, are included. 


Typical average site costs for family or bachelor unit 


Family 


Site preparation (typical avg. area 410 m2)... .cccccceees 
Streets (7.9- to 9.8-m wide, 7.6-cm asphalt or 7.5-cm 
BravelmcdCedsOr (CULbDGG) cess sctcas sccces sa4's seat ts es 8 oe 
PaO TANG T WALKS sss ccs cle ps s+ 66.6.4 016 6161s 0 66 6 sie 6.6 oeteles 6.6 sens 
septic tank, includes drain fleldececccsececccevscsccccses 
Water, Connected to unite ccsccccccccccccccccccccccsccccece 
Gas, low-pressure, COnneCtedecccccccccccccvcccccccccscccs 
Electrical, 80- to 150-A connected service to each 

UTP ite eielelele (seals 616'e 5.615 oo e016 6 66 b1o 6 60 $06 66.0 6 cle 660 6 9 010 616.0 0 0.9 


Office, recreation, Laundry s.ccccncvesccccccccccccccccccce 


PC) el tetaleletetete ete eles a ateeiee cls 4 o nie mies as 6 6 6 0.6 6 46 66 6's 6 os e166 66 6,830 





The following adjustment factors should be applied to the total typical average 


site cost where either quality or quantity differs. 


Quality 
Description factor Quantity 
Low quality (300 m2/space) 0.70 40- 80 
80-125 
150-250 
Average (410 m2/space) 1.00 50-125 
150-200 
250-300 
Good (520 m2/space) 1.30 50-150 
175-200 


250-350 


Bachelor 


$320 


270 
200 
750 
550 
310 


890 
1,250 
4,540 
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In addition, the following accessories may also be required: 


Skirting at) base off-trai ler, sssu esis e's cee ee $620.00 
Landing and StepS.ccccccccccccccccccccccccccce 360.00 
Canopies over landings8.....cccsccecocc eres cscs 550.00 
Air conditioning--using existing heater....... 840.00 


HOUSING UNITS 


Family Units--With living, dining, kitchen, bath, and sleeping facilities for 
two adults and two to four children. Cost is for typical average quality. 


Single-wide (4.27 by TOV5 Om) se a tec ere $15,400 
Double-wide C751 by 1G, OSI) ees ca eteretere ete $26,400 


Quality adjustments to the single-wide, double-wide basic costs are made by mul- 
tiplying the above housing unit average quality costs by the following factors: 


Low quality 
Single wide...... Lez 
Double-wide...... 1.16 
Average 
Single wide...... 0.90 
Double-wide...... 0.87 
Excellent quality 
Single wide...... 1.25 
Double-wide...... 1.34 


Quantity adjustments--For quantities greater than 10 units, decrease overall 
costs by 102. 


Snowload adjustment--For areas of heavy snowfall, increase basic unit costs 5% 
for increased roof support design. 


Bachelor Units--Consisting of single~person motel-style rooms with a kitchen 
and dining room. Rooms share a centrally located restroom and shower facility. 
Cost is for typical average quality. 


Bachelor UD Tix ico ors eeeteereee Cole eee tine cette $15,000 


Number of persons adjustment--Per person cost is based on housing 400 person- 
nel. Lodging capital costs for greater than 500 people, decrease costs by 10%. 
Increase costs by 154 for less than 300 and 20% for less than 200. 


PRIMARY UTILITIES 


Electrical, cost per linear meter: 
Main overhead electric powerlines....cccoeee $26.32/linear m 
Lateral overhead! lines.c.. cece cee si ceterene $8.25/linear m 


Water, cost per linear meter: 
Main, 15.24-cm plastic (add or deduct 


S5075 per 2.54-cm AL ame elect slcle $35.80/linear m 
Lateral, AROS CMe ccc rccecvcceseseceeeeeeeeece $17.22/linear m 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.10. INFRASTRUCTURE 


6.1.10.3.1. WASTE WATER TREATMENT 
CLARIFICATION 


Clarification capital cost is for the acquisition and installation of equipment for 
water clarification and softening by precipitation and/or coagulation. The all 
metal solids-contact clarifier combines into one operation--quick mixing, floccula- 
tion, clarification, and sludge thickening. The unit will selectively or simultan- 
eously remove turbidity, color, organic matter, manganese, iron, hardness, alkalin- 
ity, taste, and odor. 


BASE CURVES 


Total capital cost is based on a single curve having a tank diameter of (X), in 
meters. The curves are valid for tank diameters between 2.74 to 45.72 m (cross- 
sectional area ranging from 5.9 to 1,642 m2), operating three shifts per day. 

The curve includes all costs associated with acquisition and installation of con- 
crete pad, clarifier structure, and control/monitor equipment for sludge level and 
sludge density control. 


The total clarification capital cost derived from the curve is a combination of the 
following costs: 


Construction labor cost...... 19% 
Construction supply cost..... 5% 
Purchased equipment cost..... 764% 


The total clarification capital cost is (Yq) = 15,631.070(X)9+991 and is dis- 
tributed as follows: 


(L) Construction Labor Cost (Y;) = 2,969.910(x) 9-991 


781.550(x)0-991 


(S) Construction Supply Cost (Yg) 
(E) Purchased Equipment Cost (Yg) = 11,879.610(x)9-991 


NOTE--Sizing of clarifier is based on one principal parameter--rise rate, the ver- 
tical velocity of the stream through the clarifier. If the diameter or cross-sec- 
tional area of the clarifier is unknown, and the feed flow rate is known and the 
rise rate is assumed to be 0.015 m/min, then the diameter (D), or equivalent cross- 
sectional area, of the clarifier can be estimated with the equation: 


Clarifier diameter (D) = 1.128[(Q)/(R) ]9-500 
where R = rise rate, in meters per minute, 
and Q = design flow rate, in cubic meters per minute. 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 
6.1.10. INFRASTRUCTURE 


6.1.10.3.2. WASTE WATER TREATMENT 
NEUTRALIZATION 


The Environmental Protection Agency's publication EPA-600/2-82-00/d '"Treatability 

Manual, Vol. IV, Cost Estimating," April 1983, was the source of cost development. 

One is referred to this manual if further detail in neutralization costs is needed. 
Additionally, other waste water treatment methods are costed in this EPA manual. 


The capital cost curves cover neutralization of waste water effluent (out-of-pipe) 
when required. The basic design variable is waste water flow. Applicability of 
the curves are for effluent to be neutralized that ranges in volume from 0.001 to 
876 L/s (22.8 to 20 million gal/d). It is assumed that flow equalization is pro- 
vided by a tailings pond. The costs apply to the neutralization of either acidic 
or basic waste water streams originating from mine, mill, or combined mine and mill 
after it flows out-of-pipe from the central impoundment pond. In most mining oper- 
ations further waste water treatment costs are not required. The system consists 
of chemical addition and two-stage neutralization tanks. It is assumed that pH and 
suspended-dissolved solid content of influent to the system will be unknown at this 
level of costing. Basis of design uses a standard dosage of 100 mg/L lime and 100 
mg/L acid to achieve a pH of 7.0 over a pH range of 6.5 to 8.0. 


BASE CURVES 


Total capital cost is based on a single curve having an average waste water flow 
rate (X), in liters per second. The curves are valid for 0.001 to 876 L/s, 
operating three shifts per day. The curves include all costs associated with the 
construc- tion of the treatment facility including mixing tank, attenuation tank, 
chemical storage, agitators, piping, electrical, and instrumentation. 


The capital cost derived from the curve is a combination of the following costs: 


Constcuctionwlabar cost... .)... 22% 
Construction supply cost..... 13% 
Purchased equipment cost..... 65% 


For waste water effluent rates between 0.001 to 8.76 L/s, the capital cost is 
(Yo 0.001-8.76 L/s) = 123,144.490(x)9-094 and is distributed as follows: 


(L) Construction Labor Cost (Yj 9,001-8.76 L/s) = 80,043.930(x) 0.094 


(S) Construction Supply Cost (Ys 9.001-8.76 Lis = 27,091.780(x)09-094 
(E) Purchased Equipment Cost (Yr 9,901-8.76 L/s) = 16,008.780(x)9-094 
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For waste water effluent rates between 8.76 to 876 L/s, the capital cost is 
(Yq 8.76-876 L/s) = 26, 346.39(X) 9-562 and is distributed as follows: 


(L) Construction Labor Cost (Yj, 8.76-876 L/s) = 17,125.15(x) 9-562 


(S) Construction Supply Cost (Yg 8.76-876 L/s) = 5,796.21(x)9+562 
(E) Purchased Equipment Cost (Yp 8.76-876 L/s) = 3,425.03(x)0-562 


1,000 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 


6.1.11. RESTORATION 


Mine restoration is the process of initiating and accelerating the natural contin- 
uous trend toward recovery (stabilization) etc.), the type of environment (desert, 
flatland, grass lands, mountains, etc.), and the restoration requirements by law in 
any given State (which range from none to very strict). Some States require per- 
mits prior to disturbing the ground surface. Typically, the permit specifies that 
the area must be reclaimed, hectare for hectare, to a use similar to the prior use 
or other beneficial use. Most restoration activities for mines include regrading 
and leveling plant sites (and revegetation of the disturbed area) but do not in- 
clude backfilling (in most cases backfilling is not required by law). 


If backfilling is employed in the restoration plan use the excavation, load and 
haul overburden and waste (section 3.2.1.4., IC 9142) to obtain backfilling cost. 
The revegetation cost varies greatly depending on the method used (hand or machin- 
ery), materials used, type of seeds or plants, fertilizer, mulch, chemicals (such 
as lime for reducing acidity), and whether irrigation is necessary. Climate and 
ground slope are factors that determine the type and, therefore, the costs of rest- 
oration. The costs given in the following tabulation are representative costs for 
a specific restoration task. The actual cost could range higher or lower than the 
cost given. 


Where restoration methods use motorized equipment, the cost components (from the 
Industrial Chemicals Index) are the following: 40% for labor, 40% for equipment 
operation, and 20% for supplies (fertilizer, seed, mulch, etc.). The cost compon- 
ents for equipment operation are 654 for fuel and lubrication, 25% for repair 
parts, and 10% for tires. If restoration work is accomplished manually, then the 
cost components are 60% for labor and 40% for supplies. 
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COST COMPARISONS OF RESTORATION METHODS 


Qost per Remarks 
hectare 
SPECIFIC RESTORATION WORK (INDEPENDENT OF CLIMATE OR GEOGRAPHY) 

Revegetation on steep slope—roadside $1,000- Based on using 18 kg/ha of seed, 
slopes, tailing slopes, or waste dump 1,500 73 kg/ha of fertilizer, and ex- 
slopes, using hydroseeder with fiber penses to use a boom crane, 
mulch. pickup truck, 2 equipment oper- 

ators, and a swamper. 

Transplanting trees or shrubs by hand 5,000 Assume 2,500 trees hand 
on moderate to steep slopes. planted per hectare at $2 per 

tree or shrub. 

Sand and gravel restoration, includes 3,000 Based on a typical sand-and- 
placers; leveling, grading, topsoiling, gravel operation near Denver, 
reseeding. CO. 

Annual maintenance (fertilizers added 160 Qst for applying fertilizer. 
for above). 

Restoration of borrow pit — backfilling 400- None. 


leveling and reseeding. 600 
RESTORATION IN HIGH ALTITUDE ) TERRAIN 
Regrading and reseeding - not including $4,000 Regrading for adequate drainage 
topsoiling. to minimize erosion, seedbed 
preparation, and reseeding (in- 
cluding transplanting trees and 
shrubs). 

Maintenance (added to regrading cost cost). 130 Purchasing-applying fertilizer— 
application cost for 1 yr. If 
application is on area where at 
least 30-cm depth of topsoil has 
been added, only 1 year's appli- 
cation needed. If topsoil has 
not been added, then as many as 
4 applications may be required 
over a 6- to 8-year period. 

Topsoil removal not necessary for access 7,000 Using $2.30/m3 cost of stockpil- 


to ore body—added to regrading cost (if ing soil to cover a disturbed 
necessary to remove topsoil to gain ac— area to a depth of 30 cm. As- 
cess to ore body, then only $1,300/ha of sume topsoil moved and emplaced 
this cost would be attributed to restor- once. If moved, then stored and 
ation cost). moved again to final placement, 


cost could double). 
RESTORATION IN ARID AND SEMIARID LANDS 

BOLL added Foccccccccwcceceuccsosussuvaescee 5000 Required to achieve restoration 
on only the most severely dis- 
turbed sites. Generally serves 
to accelerate the rate of achieving 
pemnanent self-sustaining vege- 
tation. 
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COST COMPARISONS OF RESTORATION METHODS—Oontinued 


Qost per Remarks 
hectare 
RESTORATION IN ARID AND SEMIARID LANDS—Oontinued 
Seeding and irrigation in arid climate on $12,000- Irrigation system cost (sprinkler 
tailings dams, waste dump sites, road 15,000 or drip tube) is estimated at 
slopes. $8,000/ha. Water assumed to be 
pumped on site at annual rate of 
12,000 to 18,000 m3/ha at $3 
to $67 per 1,000 m> of water. 


Seed and fertilizer broadcast on surface 700 Minimm slope where seed will 

—no soil coverage or mulch. cover naturally with soil. Seed 
broadcast manually. 

Hydromulching with 680 kg wood fiber per 1,900— Most common southwestem U.S. hy- 

hectare plus seed and fertilizer. 2,500 dromulch mix; will hold seed and 
fertilizer in place on steep and 
smooth slopes. 

Straw or hay broadcast with straw blower 2,500 Very effective as energy absorber 

on surface at 3,400 kg/ha. and milch. Not used on steep 


slopes. (ost increase signifi- 
cant if slopes over 14 m from 
ACCeSS. 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 


6.1.12. ENGINEERING AND CONSTRUCTION MANAGEMENT FEES 


Engineering and construction management fees curves are based on the net construct- 
ed cost (X) for numerous projects of varying complexities. The net construction 
cost is the sum of the group cost for sections 6.1.1. and 6.1.2. (comminution), 
6.1.3. (beneficiation), 6.1.4. (solid-liquid separation), 6.1.5. (hydrometallurgy) , 
6.1.6. (special applications), 6.1.7. (transportation), 6.1.8. (general opera- 
tions), and 6.1.10. (infrastructure). The total engineering and construction man- 
agement fee curve is based on a single firm performing both tasks. The other two 
curves are based on different firms performing each task. Factors for escalation, 
location, etc., should not be applied to any of the curves. 


The equations for each of the individual curves are as follows: 
The construction management fee cost is (Yc) = 0.00425(x) 1-104 
The design and engineering fee cost is (Y_) = 0.148(x)9-968 


The total design, Eee and construction management fee cost is 
(Yr) = 0.0954(x) 1-004 


FEES, thousands of dollars 
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6.1. MINERAL PROCESSING--CAPITAL COSTS 


6.1.13. WORKING CAPITAL 


Working capital is the cash required to sustain a mining and/or milling operation 
between mining the ore and receiving revenue from its sale. It is the capital re- 
quired to meet out-of-pocket expenses, such as payroll, equipment operation, util- 
ities, and administrative operating costs. In aggregate, these are the total oper- 
ating costs for the operation during the designated time period. Because this time 
lag persists, i.e., monies received in payment for September's production are rein- 
vested in material and supplies to produce ore in November or December, a contin- 
uing account must be maintained as long as the operation is active. 


A reasonable estimate of this lag period is dependent upon the type of operation 
under study. For operations that must send concentrates to a smelter, working cap- 
ital is estimated as 10 weeks of operating, administrative, and transportation 
costs. This estimate includes 2 weeks for transportation by rail to the smelter 
and 2 months for the smelter to make payment. By far, the majority of precious and 
nonferrous metal producers can be thus classified. 


Less working capital (6 weeks of operating and administrative costs) is required 
for mines that market their product directly or that have vertically integrated 
processing facilities (i.e., same company owns smelter and/or refinery or company 
sells the end product). 


ADJUSTMENT FACTORS 


Adjustments should be considered if the transportation time to the smelter, or 
smelter settlement time, varies from assumed values. 


For mills that do not ship concentrates on a regular schedule, because of remote- 
ness, and/or do not operate year-round, working capital should be increased appro- 
priately. 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
721.1. COMMINUTION 


7-1.1.1. CRUSHING 


This unit operation pertains to the reduction of run-of-mine ore to a size suitable 
for grinding and further beneficiation operations. The cost curves are applicable 
to crushing operations performed either in the mine or at a surface location. The 
curves include the costs associated with crushing, screening, and transfer of ma- 
terial and are valid for the primary, secondary, and, if necessary, tertiary stages 
of crushing. The curves are valid for secondary and tertiary crushing when the mo- 
bile crushing section (7.1.1.2.) is used. The total daily operating cost is the 
sum of three separate cost curves (labor, supplies, and equipment operation) having 
a daily feed rate (X), in metric tons ore per day. The curves are valid for opera- 
tions between 500 and 100,000 mtpd, operating three shifts per day. 


BASE CURVE 
The base curves were developed for the reduction of a medium hard ore (work index 
of 14.3 kW.h/mt) from run-of-mine size to 80% passing 1.27 cm (0.5 in). The pro- 
cess commences with the introduction of the ore into the primary crusher and termin- 


ates with the final crusher discharge conveyor. 


(L) Labor Operating Cost (Yz,) = 187.200(x)09+279 
The operating labor costs consist of the following typical range of personnel: 


Direct WADOTs cletcielc cts el otclerc exe 50% 
Maintenance labor. eccececcoee 50% 


The average base salary including burden for labor is as follows: 


Av salary 
per hour 
(base rate) 
Control room operator....e.. 28% Li7 $23 
Mi ll boperator... 5s. i:iie.. olsis.es' 464 16.78 
Mil l@hel pers .4n% .t2G% wires « 204% 13.66 
Mill Laborer. cecscccccccces 64% 11.68 


The average wage for labor is $16.54 per worker-hour (including burden and av- 
erage shift differential). 


(S) Supply Operating Cost (Ys) = 0.315 (x)0-840 
The supply cost consists of 100% electric power. 


(E) Equipment Operating Cost (Yg) = 1.093(x)0-775 


The equipment operation curve consists of 96% for wear materials and repair 
parts and 44 for lubrication. 
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ADJUSTMENT FACTORS 


Ore Hardness Factor The base curves are premised on an ore hardness of 14.3 
kW.h/mt. To adjust for a different work index, multiply the costs obtained 
from the curves by the following factors: 


Labor factor (Fy) = (14.3/1)70-279 
Supply factor (Fs) = (14.3/1)—0-840 


Equipment operation factor (FR) = (14.3/1)0-756 
where I = new work index, in kilowatt hours per metric ton. 


Product Size Factor The particle size of the crushed product is ultimately depen- 
dent on the discharge opening setting of the final crusher(s) in the series. 
To adjust for a crusher discharge setting other than 1.27 cm, multiply the 
costs obtained from the curves by the following factors: 


Labor factor (Fy) = (S/1.27)-0-432 
Supply factor (Fg) = (S/1.27)~0+736 


Equipment operation factor (Fp) = (S/1.27)70-714 


where S = new crusher discharge setting, in centimeters. 


Mobile Crushing Factor In the event that mobile crushers are to be used as 
the primary crushers, multiply the costs obtained from the curves by the fol- 
lowing factors to determine the costs of secondary and tertiary crushing: 


Labor factor (Fy) = 0.776 
Supply factor (Fs) = 0.764 
Equipment operation factor (FR) = 0-676 


Long Distance Conveyors The base curves are predicated on the assumption that 
the primary crusher(s) are reasonably proximate to the fine crushing facility. 
If the distance between primary and secondary crushing facilities exceeds 150 
m, a long-distance conveyor should be included in the cost estimate (see sec- 
tion 7.1.7.5.) 


COST, dollars per day 
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7.1. MINERAL PROCESSING--OPERATING COSTS 
7-1-1. COMMINUTION 


7.1.1.2. MOBILE CRUSHING 


The operating costs for mobile crushing are given on a metric ton per day basis. 
The costs include the operation of primary crusher, discharge conveyor, and feed 
hopper. The total daily operating cost is the sum of three separate cost curves 
(labor, supplies, and equipment operation) having a production rate (X), in metric 
tons of ore per day. The curves are valid for operations between 17,600 and 79,000 
mtpd, operating three shifts per day. 


BASE CURVE 


The base curve is predicated on the primary crushing of an ore at an open side set- 
ting of 7 in (17.78 cm) utilizing a mobile crusher. The ore has a work index of 
14.3 kW.h/mt. The process commences with the direct dumping of the ore into the 
crusher and terminates with the crusher discharge conveyor. 


(L) Labor Operating Cost OG) a 79.988 (x) 9-248 
The operating labor costs consist of the following typical range of personnel: 


DITeCtw Laps. sis ccs eo clets cee es 364% 
Maintenance labor. -ececcccce 64% 


The average base salary including burden for labor is as follows: 


Av salary 

per hour 

(base rate) 
Control room crusher operator... 97% $17.56 
Mill Vaborer.s. ecisics visiojele bjereseteselers 3% 11.68 


The average wage for labor is $17.21 per worker-hour (including burden and av- 
erage shift differential). 


(S) Supply Operating Cost (Ys) = 0.008(x)1-000 
The supply cost consists of 100% electric power. 


(E) Equipment Operating Cost (Yg) = 0.087(x)9-878 


The equipment operation curve consists of 95.5% for wear materials and repair 
parts and 4.54 for lubrication. 


ADJUSTMENT FACTORS 
Ore Hardness Factor The base curves are premised on an ore hardness of 14.3 


kW.h/mt. To adjust for a different work index, multiply the costs obtained 
from the curves by the following factors: 
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Labor factor (Fz) = 0.993(14.300/1)~0-251 
Supply factor (Fs) = 1.004(14.300/1)—0°244 


Equipment operation factor (FR) = 1.002(14.300/1)-9+ 878 
where: I = new work index, in kilowatt hours per metric ton. 


Crusher Open-Side Setting Factor The base curves are premised on an open-side set- 
ting of 17.78 cm. To adjust for a different crusher open-side setting, multiply 
the costs obtained from the curves by the following factors: 


Labor factor (Fy) = (S/17.78)~0-174 
Supply factor (Fs) = (S/17.78)~9+230 


Equipment operation factor (FR) = (S/17.78)—0-646 
where: S = new crusher open-side setting, in centimeters. 


Feeding the Crusher With a Fixed Angle Apron Feeder From the Bench Above Factor 
The base case assumes direct dumping of the ore into the primary crusher. If 
the option of utilizing a fixed angle apron from the bench above the crusher is 
adopted, multiply the costs obtained from the curves by the following factors: 


Labor factor Chere i 2 
Supply factor (Fs) = 0.003(x)9-583 


Equipment operation factor (FR) = 0.0004(x)0-762 
where X = ore feed, in metric tons per day. 


Feeding the Crusher With a Fixed Angle Apron Feeder From the Same Bench Factor 
The crusher can also be fed from the same bench utilizing a fixed angle apron 
feeder. For this scenario, multiply the costs obtained from the curves by the 
following factors: 


Labor factor (Fr emer e 22 
Supply factor (Fs) = 0.078(x)9+287 


Equipment operation factor (FR) = 0.0004 (x)9- 762 
where X = ore feed, in metric tons per day. 


Feeding the Crusher With a Fixed Angle Apron Feeder From the Same Bench Factor 
The crusher can also feed from the same bench utilizing a fixed angle apron 
feeder. For this scenario, multiply the costs obtained from the curves by the 
following factors: 
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Labor factor CE aati 2 
Supply factor (Fg) = 0.078(x)9+287 


Equipment operation factor (FR) = 0.0004(x)9-762 
where X = ore feed, in metric tons per day. 


Feeding the Crusher With a Variable Angle Apron Feeder From Same Bench Factor 
The most operating flexibility is obtained by feeding the crusher with an apron 
feeder that is capable of adjusting to different ground elevations. For this 
case, multiply the costs obtained from the curves by the following factors: 


Labor factor (Fz) = 1.35 
Supply factor (Fg) = 2.06 


Equipment operation factor (Fg) = 0.0004(x)9- 762 
where X = ore feed, in metric tons per day. 


Shift Factor The curve is based on a three-shift-per-day operation. The mobile 
crusher can also be operated one or two shifts per day. For a reduced shift 
operation, decrease the operating costs proportionately. 


COST, dollars per day 
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7.1. MINERAL PROCESSING--OPERATING COSTS 
7.1.1. COMMINUTION 
7-1.1.3. IMPACT CRUSHING 
Impact crushing operating costs, as determined in this section, are based on metric 
tons of mine run ore reduced by impactors to a size suitable for further beneficia- 
tion. The costs are applicable for reduction of mine run ore, with an equivalent 
hardness and abrasiveness of medium hard limestone, to minus 0.95 cm (3/8 in). 
The total daily operating cost is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) based on the production rate (X), in metric tons of 
ore crushed per day. The curves are valid for operations between 1,200 and 20,000 
mtpd, operating two shifts per day. 

BASE CURVES 


(L) Labor Operating Cost Cn = 17.126 (x) 0-585 
The operating labor costs consist of the following typical range of personnel: 


Direct ADOT. ostes.sieles olalee so 554 
Maintenance labor.-cccccccecs 45% 


The average base salary including burden for labor is as follows: 


Av salary 
per hour 
(base rate) 
Crusher OperatOreseeoecccce 38% 16.22 
Screen Operator. ceceocvecees 18% 16.22 
Conveyor OperatOLrececoovece 13% 14.89 
LA DOLECT c's cie'a o's siniels eile eine e 31% 13.26 


The average wage for labor is $15.70 per worker-hour (including burden and av- 
erage shift differential). 


(S) Supply Operating Cost (Ys) = 0.649(x)0-843 
The supply cost consists of 100% electric power. 


(E) Equipment Operating Cost (Yp) = 8.460(x)0- 581 


The equipment operation curve consists of 93 % for repair and maintenance parts 
and 74 for lubrication. 


ADJUSTMENT FACTORS 


Shift-Feed Rate Factor Because of high maintenance requirements, impact crushers 
are limited to not more than two shifts per day. If the crushing facility op- 
erates one shift per day, multiply the daily feed rate by two, then obtain a 
cost using the adjusted daily feed rate, then decrease this cost by 504 to ar- 
rive at the proper operating cost. 
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Alternative Impact Crushing If other than primary impact crushing facilities are 
required (see section 6.1.1.3., impact crushing capital cost), then use the 
following equations, based on the production rate (X), in metric tons of ore 
per day. The curves are valid for operations between 1,200 and 20,000 mt, op- 
erating two shifts per day. 


(L) Labor Operating Cost (Yr, ALTERNATE) = 7.884 (x)9+ 607 
The operating labor costs consist of the following typical range of per- 


sonnel: 
Direct laporsscacceccs Tan 
Maintenance labor..... 28% 


The average base salary including burden for labor is as follows: 


Av salary 

per hour 

(base rate) 
Crusher Operator. cececcccce 38% $16.22 
Screen Operator. ceccecccvecs 18% 16.22 
Conveyor OperatOTrecececoece 13% 14.89 
TADOLET cates «cies 6 ois sie ele le ee; < 31% 13.26 


The average wage for labor is $15.70 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Ys ALTERNATE) = 0.180(x)9-957 
The supply costs consist of 100% electric power. 


(E) Equipment Operating Cost (Ye ALTERNATE) = 0.981 (x)0- 751 


The equipment operation curve consists of 93% for repair and maintenance 
parts and 7% for lubrication. 
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7.1. MINERAL PROCESSING--OPERATING COSTS 
721.2. COMMINUTION 


7-1.-2.1. GRINDING 


This unit operation pertains to the wet grinding of crushed ore to a size suitable 
for further beneficiation operations. The curves are based on closed circuit oper- 
ation with the mills running at normal load and percentage of critical speed and 
include the costs associated with grinding, classification, and pumping of the re- 
sultant slurry. The total daily operating cost is the sum of three separate cost 
curves (labor, supplies, and equipment operation) having a feed rate X, in metric 
tons ore per day. The curves are valid for operations between 380 and 100,000 mtpd, 
operating three shifts per day. 


BASE CURVE 


The base curves were developed for the grinding of a medium hard ore (work index of 
14.3 kW.h/mt) from 80% passing 1.27 cm to 80% passing 65 mesh. The process com- 
mences at the mill feed conveyors and terminates with the cyclone classifier over- 
flow. 


(L) Labor Operating Cost (Yz) = 144.500(x)0-301 
The operating labor costs consist of the following typical range of personnel: 


Small Large 
(380 to (10,000 to 
10,000 mtpd) 100,000 mtpd) 
Directs labore. css cis cates 554% 454% 
Maintenance labor....ee. 45% 55% 


The average base salary including burden for labor is as follows: 


Av salary 

per hour 

(base rate) 
Control room operatoOre..eeece 23% 1:75:23 
Mill operatorecccccccceccons 36% 16.78 
Mill helperecececcscccccece 184 13.66 
Mill laborer. csscevsveces ss 23% 11.68 


The average wage for labor is $15.33 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 0.689(x)9-977 
The supply cost consists of 100% electric power. 


(E) Equipment Operating Cost (Yp) = 0.308 (x)1- 000 


The equipment operation curve consists of 96% for wear materials and repair 
parts and 4% for lubrication. 
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ADJUSTMENT FACTORS 


Ore Hardness Factor The base curves are premised on an ore hardness of 14.3 
kW.h/mt. To adjust for a different work index, multiply the costs obtained 
from the curves by the following factors: 


Labor factor (Fy) = (14.3/1)70-301 
Supply factor (Fs) = (14.3/1)70-977 


Equipment operation factor (FR) = (14.3/1)71-000 
where I = new work index, in kilowatt hours per metric ton. 


Size Factor The base curves are predicated on grinding crushed ore of 804 passing 
1.27 cm to a final particle size of 80% passing 65 mesh. To allow for varia- 
tion in either the particle size of the feed to the grinding circuit or of the 
ground ore, multiply the costs obtained from the curves by the following 
factors: 


Labor factor (Fy) = [((1/(P)9*5)-(1/(F)9*5) )/0.055] 9-301 
Supply factor (Fg) = [((1/(P)9*5)-(1/(F)9*5) )/0.055] 9° 977 
Equipment operation factor 
(Fp) = [((1/(P)9*5)-(1/(F)9* 5) )/0.055] 1-900 
where F = particle size, in microns, passing 80% of the feed to the grind- 
ing circuit, 
and P = particle size, in micron, passing 80% of the final product. 


The following tabulation gives mesh sizes versus microns. 


Mesh sizes versus microns 


mesh! __| microns” || mesh! _|_nterons? || mesbl__ 













microns2 


























11,058. _ A5ececee 200. eee 73.061 
Se cece 4,073.138 50. cece 230. eee 62.737 
10.6. 1, 913.403 60. eeee 270 eeee 52.677 
L5.eeee 1,229.892 T0cceee 300... 46.961 
2ZOeveee 898.843 BO. cece B25. ccee 43.038 
Die ecee 704.777 100.6. 400. .ee- 34.321 
30-ceee 577.756 120..... 600.66. 22.061 
488.396 140... 
422.242 170. eee 


19.354 xX (mesh number)~1-090 = centimeters 
2centimeters X 10,000 = microns 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
7-1-2. COMMINUTION 


721.2.2. SEMIAUTOGENOUS GRINDING 


The costs for semiautogenous grinding (SAG) are given on a metric ton per day basis. 
The costs include the operation of grinding mills, conveyors, pumps and classifier. 
The total daily operating cost is the sum of three separate cost cules (labor, 
supplies, and equipment operation) based on feed rate (X), in metric tons of ore 
per day. The curves are valid for operations between 330 and 111,800 mtpd, opera- 
ting one shift per day. 


BASE CURVES 
The base curves are for SAG mill grinding of sulfide ores. 


(L) Labor Operating Cost (Yz,) = 116.035(x)9-+304 
The operating labor costs consist of the following typical range of personnel: 


Small Large 
(330 to (40,000 to 
40,000 mtpd) 111,800 mtpd) 
DITCCUML ADOT « sic'sissiele eislsie eters 554 45% 
Maintenance labor..cccrceces 45% 55% 


The average base salary including burden for labor is as follows: 


Small Large Av salary 
(330 to (40,000 to per hour 
40,000 mtpd) 111,800 mtpd) (base rate) 
Control room operator...... 33% 23% L723 
Mill operator. cccreccccceee 242% 23% 16.78 
MITTIN SUDOPETALOL. sales ev ciec - 204 14.56 
Mill helper. ceccccccccccece 33% 11% 13.66 
Mi Mima DOLE Tacis sluts c/s ei ciste s\6 104% 23% 11.68 


The average wage for labor is $15.13 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 0.614(x)9+ 986 
The supply cost consists of 100% electric power. 


(E) Equipment Operating Cost a= 0.312 (x)9-998 


The equipment operation curve consists of 94% for wear materials (balls and 
liner) and 6% for repair parts. 


ADJUSTMENT FACTORS 


Single-Stage SAG Grinding Factor The operating cost curves must be adjusted 
for single-stage grinding. Multiply the costs obtained from the curves by the 


following factors: 


266 
Labor factor (F,) = 1.33 
Supply factor (Fs) = 1.95 
Equipment operation factor (Fp) = 1.07 


Uranium Factor The operating cost curves must be adjusted for uranium grinding. 
Multiply the costs obtained from the curves by the following factors: 


Labor factor (Fy)e= 3.709 (x)~0-201 
Supply factor (Fs) = 0.704(x)—0-102 


Equipment operation factor (Fg) = 0.088(x)9+214 
where X = uranium ore ground, in metric tons per day. 


Single-Stage (Sulfide) Autogenous Grinding Factor The operating cost curves must 
be adjusted for single-stage (sulfide) autogenous grinding. Multiply the costs 
obtained from the curves by the following factors: 

Labor factor (Fy) = 0.911 
Supply factor (Fg) = 1.0 
Equipment operation factor (FR) = 4.0 

Iron Ore-SAG Factor For the grinding of taconite in a two-stage circuit, where the 
primary mill is a SAG mill, multiply the costs obtained from the curves by the 
following factors: 

Labor factor (Fz) = 1.093 
Supply factor (Fg) = 1.626 
Equipment operation factor (FR) = 4.473 


Hardness Factor The other operating cost curves can be adjusted by multiplying the 
base costs by the following factor: 


Hardness factor (Fy) = (N)/14.0 
where N = new power requirements, in horsepower hour per metric ton. 


Iron Ore-Autogenous Grinding Factor To reflect the cost of grinding taconite in an 
autogenous mill (the autogenous mill is the primary mill), multiply the costs 
obtained from the curves’ by the following factors: 

Laboretactorm | (Fy Jee lleaoz 
Supply factor (Fs) = 2.086 


Equipment operation factor (FR) = 3.925 
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Shift Factor The curve is based on a one-shift-per-day operation. Typically, semi- 
autogenous circuits are operated primarily on day shift only. For a two or 
three-shift operation, increase the operating costs proportionately. 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
721.2. COMMINUTION 


721.23. RAYMOND MILL GRINDING 


The operating cost curves cover costs associated with dry grinding barite to 904 
minus 325 mesh. The total daily operating cost is the sum of three separate cost 
curves (labor, supplies, and equipment operation) based on feed rate (X), in metric 
tons of ore per day. The curves are valid for operations between 115 and 1,290 
mtpd, operating two shifts per day. 


BASE CURVES 


(L) Labor Operating Cost (Y z) = 20.073(x)0-5/0 
The operating labor costs consist of the following typical range of personnel: 


DETECT. LADOL s o'ssldis' case 0 o siels 42% 
Maintenance labor. cccccccece 58% 


The average base salary including burden for labor is as follows: 


Av salary 

per hour 

(base rate) 
Mi 11 OPCra G0 Gers reielo-sreiels 6 slacel 95% iy ee 
Mill laborer. .cccccccccccce 5% 13.66 


The average wage for labor is $16.92 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 1.001(x) 9-952 
The supply cost consists of 100% electric power. 


(E) Equipment Operating Cost (Yp) =.1.999(x)0-800 


The equipment operation curve consists of 100% for repair parts and materials. 
ADJUSTMENT FACTORS 
Ore Hardness Factor The base curves are premised on an ore hardness of 12.2 
hpeh/mt. To adjust for a different work index, multiply the costs obtained 
from the curves by the following factors: 
Labor factor (Fy) = (12.2/1)-0-501 
Supply factor (Fg) = (12.2/1)~0-800 


Equipment operation factor (Fp) = (12.2/1)~0+952 
where I = new work index, in horsepower hours per metric ton. 
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Flash Drying Factor If the barite is dried prior to grinding, the supply curve 
must be adjusted for natural gas consumed. Multiply the supply operating cost 
obtained from the curve by the following factor: 
Supply factor (Fg) = 13.32 


Potash Factor The operating cost curves must be adjusted for grinding langbeinite. 
Multiply the costs obtained from the curves by the following factors: 


Labor factor (Fy) = 0.74 
Supply factor (Fs) = 1.3 


Equipment operation factor (Fr) = 0.38 
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7.1. MINERAL PROCESSING--OPERATING COSTS 
7.1.3. BENEFICIATION 


7.1.3.1. FLOTATION 


The cost curves in this section are based on flotation operations that produce a 
single concentrate product. Nevertheless, for operations that produce multiple con- 
centrate products, costs can be estimated by reapplying the curves for each product, 
making the appropriate input tonnage reduction before each reapplication. 


The total daily operating cost is the sum of three separate cost curves (labor, 
supplies, and equipment operation) based on a daily input tonnage (X), in metric 
tons of dry ore per day to the flotation section for each product. The curves are 
valid for operations between 40 and 95,000 mtpd, operating three shifts per day. 
Each flotation section consists of all rougher, scavenger, and cleaner circuits re- 
quired to produce a final concentrate. The curves include all daily operating and 
maintenance costs associated with the conditioning of the feed, operation of the 
flotation machines, and the necessary pumping and launder facilities used for the 
passage of the pulp through the separation process. The costs reflect operations 
that use only mechanical, self-aerating, flotation machines, but these costs can be 
adjusted to account for the use of mechanical, blower-aerating machines. However, 
for operations that employ nonmechanical flotation machines (e.g., pneumatic or 
column machines), the costs cannot be accurately modified. 


BASE CURVE 
(L) Labor Operating Cost (Yq, gmazy) = 9-807(x)9*7597 


(Yz, MEDIUM/LARGED is 483.344+0.026(X) 
The operating labor costs consist of the following typical range of personnel: 


Small Medium and Large 
(40 to (250 to 
250 mtpd) 95,000 mtpd) 
Directilabors .vca nets s eis sce 954% 674% 
Maintenance labor..ccesceces 5% 334 


The average base salary including burden for labor is as follows: 


Small Medium Large Av salary 
(40 to (250 to (47,600 to per hour 
250 mtpd) 47,600 mtpd) 95,000 mtpd) (base rate) 
Flotation operator..... 100% 90% 25% $16.78 
Assistant flotation 
OPGLALOLs cslesieisieielcieie sie = - 214 14.56 
Reagent monitor.ceceeee ~ - 20% 13.66 
Plant: laborers .csec ses ~ 102 34% 11.68 


The average wage for labor is $14.44 per worker-hour (including burden and 
average shift differential). 
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(S) Supply Operating Cost (Ys) = 0.832(x)1-000 
The supply curve consists of 824 reagents and 18% electric power. 


The reagents usage consists of 


Usage Deliverable Cost 
(1b /mt) ($/1b) 
Slaked Lime (Calcium Hydroxide) eccccccccccsccs 5.500 0.061 
MIBC (Methyl Isobutyl Carbinol).cceccsscccsces 0.075 0.580 
Aero 343 (Sodium Isopropyl Xanthate)...ceccece 0.100 0.840 
Sodium Sulfhydrate (Sodium Hydrosulfide)...... 0.750 0.750 


The reagent usage is based on a copper ore of average floatability and economic 
grade. The user must make any adjustments of reagent usage and costs for the 
ore under consideration. 


(E) Equipment Operating Cost (Yp smatt) = 4-131+0.149(x) 
(YE MEDIUM/LARGE) = 66-630+0. 013(X) 


The equipment operation curve for small operations consists of 81% for repair 
and maintenance parts and 19% for lubrication. The equipment operation curve 
for medium and large operations consists of 91% for repair and maintenance 
parts and 9% for lubrication. 


ADJUSTMENT FACTORS 


Reagent Consumption If reagent consumption or costs are known to be different from 
the base usage, the proper adjustments should be made. 


Two-Product Flotation System Factor If a two-product flotation system is to be uti- 
lized, the additional labor requirements can be estimated by multiplying the 
labor portion of the curve by one of the following factors: 

For capacities between 40 and 1,000 mtpd 
Labor factor OF 40-1, 000 = 1.0 
For capacities between 1,000 and 5,000 mtpd 


Labor factor (Yj, 1,000- 0002 = 0-900+0.0001(x) 
where X = ore to the flotation section, in metric tons per day. 


For capacities between 5,000 and 95,000 mtpd 


Labor factor (Yz, 5,000-95,000 = 1.4 
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Three-Product Flotation System Factor If a three-product flotation system is to be 
utilized, the additional labor requirements can be estimated by multiplying the 
labor portion of the curve by one of the following factors: 
For capacities between 40 and 1,000 mtpd 
Labor factor (Yj, 40-1, 000) = 1.0 
For capacities between 1,000 and 5,000 mtpd 


Labor factor (Yy, 1,000- 0002 = 0.837+0.000163(X) 
where X = ore to the Petciton section, in metric tons per day. 


For capacities between 5,000 and 95,000 mtpd 
Labor factor (Yy, 5, 000-95, 000? = 1.652 
External Blower System If the flotation machines require an external blower system 
for pulp aeration, the extra operating costs (labor, electric power, overhaul 


and repair parts, and lubrication) should be added to the applicable base curve 
costs. 
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7.1. MINERAL PROCESSING--OPERATING COSTS 
7.1.3. BENEFICIATION 


7-1.3.2.1. GRAVITY SEPARATION 
JIGS 


The equations of this section can be used to estimate jig operating costs for the 
separation of heavy-ore minerals from waste. The equations are most applicable to 
barite, gold placer, diamond, and chromite processing operations. The base curves 
are not applicable to dredge operations; see section 3.2.2.4, (IC 9142). Also, the 
curves do not cover costs for jigs used in closed-circuit grinding; for this type 
of operation, use section 7.1.3.2.2. 


Costs are derived for operation of a complete jig system based on the input tonnage 
to the jig circuit. This includes all equipment directly associated with the jig 
circuit, such as trommel or vibrating screens, pumps, surgebins, piping, and the 
jig units. 


The total daily operating cost is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) based on the feed rate (X), in metric tons of ore 
per day. The curves are valid for operations between 400 and 10,000 mtpd, operat- 
ing three shifts per day. The curves include all daily operating and maintenance 
costs associated directly with the jig circuits. 


BASE CURVE 


(L) Labor Operating Cost (Y z) = 76.038(x)9-340 
The operating labor costs consist of the following typical range of personnel: 


Direct: Labora cess cctstecs 6 olere 604 
Maintenance labor..cceccecce 40% 


The average base salary including burden for labor is as follows: 


Small Large Av salary 
(400 to (5,000 to per hour 

5,000 mtpd) 10,000 mtpd) (base rate) 
Jigroperator. «tcc cles ces aie 864 43% $16.78 
Mill Poperator < samieis ciesisverciens “ 22% 16.78 
Mii ne hoe Gersas sistas ee elere eral 142% 354 13.66 


The average wage for labor is $15.88 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 0.121(x)9-873 
The supply cost consists of 98% electric power and 2% lubricants. 


(E) Equipment Operating Cost CY e= 1.622 (x)0- 619 


The equipment operation curve consists of 98% for repair parts and 2% for lub- 
rication. The curve includes allowances for the replacement of motors, screen 
cloths, hoses, and repair parts for pumps, jigs, and all other pieces of equip- 


ment directly associated with the jig circuits. 
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7.1. MINERAL PROCESSING--OPERATING COSTS 
721.3. BENEFICIATION 


721.3.2.2. GRAVITY SEPARATION 
JIGS IN CLOSED-CIRCUIT GRINDING 


These curves cover the costs of using one jig to recover small amounts of unusually 
coarse or fine-free minerals from the grinding mill discharge. This is an acces- 
sory process used prior to other forms of treatment, such as flotation or cyanida- 
tion, where coarse material or large particles would not be recovered. Jigs in 
closed-circuit grinding are most commonly employed in small flotation and cyanida- 
tion plants that beneficiate ores of gold, lead-silver-zinc, or fluorspar. Do not 
use this section to estimate costs for entire circuits of jigs that process large 
tonnages of ore (see section 7.1.3.2.1.). 


The total daily operating cost is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) based on the feed rate (X), in metric tons of ore 
per day to the jig circuit. The curves are valid for operations between 25 and 700 
mtpd, operating three shifts per day. The curves include all daily operating and 
maintenance costs for jigs, screens, and pumps used in closed-circuit grinding. 


BASE CURVE 


(L) Labor Operating Cost (Yyz) = 56.562(x)0-158 
The operating labor costs consist of the following typical range of personnel: 


Direct Mlabors.c «cs sissie ols a ave 52% 
Maintenance labor. cccccccce 48% 


The average base salary including burden for labor is as follows: 


Av salary 

per hour 

(base rate) 
Mil) Taborers’s a- «sicielcis cles bs 1004 $14.19 


The average wage for labor is $15.33 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost GO) 5.319 (x)9-055 
The supply cost consists of 100% electric power. 


(E) Equipment Operating Cost (Yg) = 35.529e0-0002(X) 


The equipment operation curve consists of 94% for repair parts and 6% for lub- 
rication. The curve includes allowances for the replacement of motors, screen 
cloths, and repair parts for pumps, jigs, and all other pieces of equipment 
directly associated with this type of systen. 
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ADJUSTMENT FACTORS 
Screen Factors The curves include costs for screens; however, in many instances 
screens are not employed with this type jig usage. If screens are not used, 
multiply the costs obtained from the curves by the following factors: 
Labor factor (Fy) = 0.84 


Supply factor (Fg) = 0.000146(X)+0.496 
where X = material to the jig circuit, in metric tons per day. 


Equipment operation factor (FR) = 0.26 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
7.1.3. BENEFICIATION 


7-1-3.2.3. GRAVITY SEPARATION 
REICHERT CONES 


The operating cost curve covers costs associated with the operation of a Reichert 
cone circuit to recover heavy minerals. The Reichert cone circuit includes rougher, 
scavenger, cleaner, and recleaner cones. The Reichert cone circuit can process 

ores containing 0.1% to 5.0% heavy minerals and yield a product containing a mini- 
mum of 80% heavy minerals. The feed for the Reichert circuit is assumed to be 1004 
minus 10 mesh at a slurry density of 604 solids by weight. 


The total daily operating cost is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) based on the capacity rate (X), in mt ore feed per 
day. The curves are valid for operations between 2,900 and 52,440 mtpd, operating 
one shift per day. 


BASE CURVE 


(L) Labor Operating Cost (Y;) = 0.393(x)0- 712 
The operating labor costs consist of the following typical range of personnel: 


Small Large 

(2,900 to (30,000 to 

30,000 mtpd) 52,440 mtpd) 
DITECCH LADOT 6 sve oa cisks oe cess 80% 79% 
Maintenance Labor. cecccecces 204% 21% 


The average base salary including burden for labor is as follows: 


Small Large Av salary 
(2,900 to (30,000 to per hour 

30,000 mtpd) 52,440 mtpd) (base rate) 
Mil] operatorececvocccrseseoce 81% 71% $16.78 
Mil] helper. .cccccceccccccce ~ 18% 13.66 
Mill laborer. .ccocscesece 19% 11% 11.68 


The average wage for labor is $15.25 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 0.031(x)1-013 
The supply cost consists of 1004 electric power. 


(E) Equipment Operating Cost (Yp) = 0.037(x)0-859 


The equipment operating curve consists of 100% for equipment and repair parts 
and materials. The curve includes allowance for the maintenance and repair of 
motors, pumps, and cones and all other pieces of equipment directly associated 
with the gravity separation circuit using Reichert cones. 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
7.1.3. BENEFICIATION 


721.3.2.4. GRAVITY SEPARATION 
SLUICING 


The operating cost curve covers costs associated with the operation of a sluicing 
circuit to process gravels containing gold or heavy minerals. The feed for the 
sluicing operation is a slurry that has been prepared by screening with either a 
vibrating or trommel screen, or by hydraulic mining. The cost associated with wash- 
ing, screening, and water distribution is not contained in the operating cost esti- 
mates for sluicing. The total daily operating cost is the sum of three separate 
cost curves (labor, supplies, and equipment operation) based on the capacity rate 
(X), in metric tons of feed material per day. The curves are valid for operations 
between 160 and 3,320 mtpd, operating three shifts per day. 


BASE CURVES 


(L) Labor Operating Cost (Yy,) = 2.165(x)9-490 
e operating labor costs consist of the following typical range of personnel: 


DirectPlaboricess Shower eee ee 83% 
Maintenance labor. .cecococece 17% 


The average base salary including burden for labor is as follows: 


Av salary 

per hour 

(base rate) 
Sluice operatoOrececoccccsees 1004 Siyei 0 


The average wage for labor is $17.11 per worker-hour (including burden and 
average shift differential). 


(E) Equipment Operating Cost (Yg) = 0.008(x)9-999 


The equipment operation curve consists of 1002 for equipment and repair parts 
and materials. The curve includes allowance for the replacement of riffles and 
rugs and all other pieces of equipment directly associated with the sluicing 


circuit. 
ADJUSTMENT FACTOR 


Gravel Size Factor The base curve is predicated upon processing minus 1/4-in grav- 
el. The labor and equipment operating costs must be adjusted for differences in 
gravel size. Multiply the costs obtained from the curves by the following 
factors: 


Labor factor (F,) = 0.796(R)—0-110 


Equipment operation factor (FR) = 2.118(R)0-361 
where R = radius of the topsize gravel, in inches. 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
7-1-3. BENEFICIATION 


721.-3.2.5. GRAVITY SEPARATION 
SPIRALS 


These curves cover the cost of separating heavy minerals from waste by the use of 
vertical spirals. Costs are derived for a complete system based on the input ton- 
nage. This includes all equipment directly associated with the spiral circuits 
such as screens, pumps, slurry distributors, pipes, hoses, feed and discharge boxes, 
and the spiral units. Water usage for the curves is estimated at 0.63 m3/mt of 
feed material. The equations do not cover costs for dewatering, scrubbing, drying, 
or for gravity separation by methods other than vertical spiraling. To account for 
these processes, the appropriate sections of this manual can be used. 


In beach sand processing, the feed slurry is commonly dewatered prior to spiral con- 
centrating. If this is the case, use the tailings thickening section (7.1.4.1.2.) 
of the manual. 


This section is based on heavy mineral beach-sand operations located in the south- 
eastern United States. Cost estimates for systems designed by other manufacturers, 
or used for processing other commodities, may be less accurate. 


The total daily operating cost is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) based on the capacity rate (X), in metric tons ore 
feed per day. The curves are valid for operations between 100 and 25,000 mtpd, op- 
erating three shifts per day. The curves include all daily operating and mainte- 
nance costs associated directly with spiral concentration. 


BASE CURVE 


(L) Labor Operating Cost (Yz,) = 18.456(x)9+438 
The operating labor costs consist of the following typical range of personnel: 


Direct Labor. .<iscocescseces 442% 
Maintenance labor.-cccccoes 56% 


The average base salary including burden for labor is as follows: 


Av salary 

per hour 

(base rate) 
Plant utility person....... 1004 $14.56 


The average wage for labor is $14.89 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 0.867(x)0-/69 
The supply cost consists of 100% electric power. 
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(E) Equipment Operating Cost (YR) = 3.446 (x) 0-604 


The equipment operation curve consists of 98% for repair parts and 2% for lubri- 
cation. The curve includes allowances for the replacement of motors, pump 
parts, screen cloths, spiral liners, hoses, and repair parts for all pieces of 
equipment directly associated with the spiral circuits. 
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7.1. MINERAL PROCESSING--OPERATING COSTS 
7.1.3. BENEFICIATION 


7.1.3.2.6. GRAVITY SEPARATION 
TABLES 


These curves cover the use of shaking tables and pumps in the concentration by grav- 
ity of ground (or finely crushed) ores or concentrates of copper, gold, lead, pot- 
ash, tungsten, tin, zinc, or graphite. Average washwater requirements are 2.2 
m?/mt of ore. This section covers the total daily cost of rougher tables only. 

If the handbook user desires to re-table or clean the product or middlings from 
this circuit, the curves should be entered again with a reduced feed. Typical 
ratios of circuit feed between rougher and cleaner tabling sections are 3:1 or 

4:1. The efficiency (and cost) of a tabling operation is not dependent on the 
absolute specific gravity of the material being concentrated, but on the difference 
in specific gravity between the valuable mineral and the gangue being fed to the 
tables, as well as on the particle size of the feed. 


BASE CURVE 


The total daily operating cost is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) based on the feed rate (X), in metric tons ore per 
day. The curves are valid for operations between 10 and 4,000 mtpd, operating 

three shifts per day. The curves include all daily operating and maintenance costs 
associated with tabling. 


(L) Labor Operating Cost (Yj) = 3.493(x) 0-681 
The operating labor costs consist of the following typical range of personnel: 


Direct elabore..iiec ote 83% 
Maintenance labor...ccccoce 172 


The average base salary including burden for labor is as follows: 


Av salary 

per hour 

(base rate) 
Floorwalkersi..c. cee ese «es 100% $16.22 


The average wage for labor is $16.22 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 0.633(x)9-719 


The supply cost consists of 100% electric power. 


(E) Equipment Operating Cost (Yg) = 0.263(x)9-754 
The equipment operation curve covers the daily operating cost for all tables 
and pumps, includes allowances for parts replacemnt and maintenance, and con- 
sists of 78% for repair parts and 22% for lubrication. 
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290 
7.1. MINERAL PROCESSING--OPERATING COSTS 
7.1.3. BENEFICIATION 


7.1.3.3. HEAVY-MEDIA SEPARATION 


These curves cover the cost of separating ore minerals from waste after crushing. 
Each time the curve is entered, operation of a complete system is costed, including 
screens, demagnetizing coils, densifiers, pumps, conveyors, magnetic separators, 
and heavy-media equipment. The cost curves are for low-slime conditions and do not 
include thickeners. If thickeners are needed within the circuit, use section 
7.1.4.1.1. to obtain thickening costs. The curves are representative only for dy- 
namic cone or drum heavy-media systems and do not include Dyna Whirlpool or static 
systems. 


The total daily operating cost is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) based on the capacity (X), in metric tons of feed 
per day. The curves are valid for operations between 400 and 10,000 mtpd, opera- 
ting three shifts per day. The curves include all daily operating and maintenance 
costs associated directly with heavy-media separation. 


BASE CURVE 


(L) Labor Operating Cost (Y,) = 80.029(x)09-310 


The operating labor costs consist of the following typical range of personnel: 


Direct PaADOV sec celes clole cretsiers 62% 
Maintenance labor.....c.cece 382 


The average base salary including burden for labor is as follows: 


Small Large Average salary 
(400 to (5,200 to per hour 
5,200 mtpd) 10,000 mtpd) (base rate) 
Control room operator...... - 56% Si7223 
General laborer......ceseee = 447 13.66 
UCUIA CY BPErSOIl sete se cise steete 100% = 14.56 


The average wage for labor is $16.10 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 0.540(x) 1-000 


The supply costs consist of 81% media (ferrosilicon) and 19% electric power. 
Media consumption is estimated at 0.75 kg/mt of ore feed. 


(E) Equipment Operating Cost (Yp) = 10.453(x) 0-447 


The equipment operation curve consists of 99% for repair parts and 1% for lu- 
brication. The curve includes allowances for the replacement of motors, screen 
cloths, conveyor belts, and repair parts for all pieces of equipment directly 
associated with the heavy-media circuitry. 
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ADJUSTMENT FACTOR 
Magnetite Factor If magnetite is used for the media (magnetite is primarily used 
in coal processing) multiply the cost obtained from the curves by the following 


factor: 


Magnetite factor (Fy) = 0.2 
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7.1. MINERAL PROCESSING--OPERATING COSTS 
7.1.3. BENEFICIATION 


7.1.3.4.1. MAGNETIC SEPARATION 


The curves cover the operation of magnetic separators, slurry pumps, and screens 
directly associated with the separating units. Each time the curve is entered, a 
complete magnetic separation system is costed, based on the tonnage input. This in- 
cludes all equipment necessary for complete magnetic concentration of the input ton- 
nage, but does not include costs for dewatering, desliming, or grinding and regrind- 
ing. If these processes are to be included in the circuit, the user should consult 
the appropriate sections of this manual. This section is based on large taconite 
operations that use low-intensity wet magnetic separation. For smaller operations, 
Or operations using other types of magnetic separation, the curves will have limit- 
ed accuracy. 


The total daily operating cost is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) having a capacity rate (X), in metric tons of feed 
material per day. The curves are valid for operations between 2,000 and 100,000 
mtpd, operating three shifts per day. The curves include all daily operating and 
maintenance costs associated directly with magnetic separation, such as screening 
and pumping. 


BASE CURVE 


(L) Labor Operating Cost (Y;) = 5.985(x)0-496 


The operating labor costs consist of the following typical range of personnel: 


Small Large 

(2,000 to (10,000 to 

10,000 mtpd) 100,000 mtpd) 
DiTeC tel A0OLs's «semis s csleie sss 81% 61% 
Maintenance labor.....ceeee 19% 39% 


The average base salary including burden for labor is as follows: 


Small Large Av salary 
(2,000 to (10,000 to per hour 

10,000 mtpd) 100,000 mtpd) (base rate) 
Control room operator...... ~ 46% $17.56 
General laborer....cccccecs 100% 54% 13.99 


Operating labor costs average $15.34 per worker-hour and include burden and 
shift differentials. 


(S) Supply Operating Cost (Yg) = 0.109(x) 9-926 


The supply cost consists of 100% electric power. 
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(E) Equipment Operating Cost (Yp) = 1.711(x) 9-704 
The equipment operation curve consists of 98% for repair parts and 2% for lu- 
brication for all magnetic separation equipment. The curve includes allowances 


for the replacement of liners, covers, motors, pump parts, gear boxes, screens, 
and miscellaneous repair parts. 


COST, dollars per day 
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7.1. MINERAL PROCESSING--OPERATING COSTS 
7.1.3. BENEFICIATION 

7.1.3.4.2. HIGH INTENSITY MAGNETIC SEPARATION 


WET (WHIMS) 


The operating costs for high-intensity magnetic separation are given on a metric 
ton per day of feed basis. The total daily operating cost is the sum of three sep- 
arate cost curves (labor, supplies, and equipment operation) based on the capacity 
rate (X), in metric tons of dry feed to the magnetic separation circuit per day. 
The curves are valid for operations between 2,100 and 47,000 mtpd, operating three 
shifts per day. ; 


BASE CURVES 


The base curve is predicated on processing a hematite-bearing ore through wet high- 
intensity magnetic separators (WHIMS), in a single stage operation. 


(L)_Labor Operating Cost (Yj, wytms) = 0.512(x)9- 785 
The operating labor costs consist of the following typical range of personnel: 


Directs laporss ve sien sects a he 86% 
Maintenance labor......ccee 142 


The average base salary including burden for labor is as follows: 


Av salary 


per hour 

(base rate) 
Control room operator...... 30% 17.56 
Mill Operators cies « oiclclela stele 22% eG | 
Mil tehe ipers cee sities ee iet er 34% £3299 
Mill Laborer. «cscs ccm cles 14% 11.68 


The average wage for labor is $15.37 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Ys wHims) = 0.038(x)1-020 


The supply cost consists of 100% electric power. 


(E) Equipment Operating Cost (Yg wyrms) = 0-042(x)9-935 


The equipment operating cost consists of 100% for repair parts and materials. 
ADJUSTMENT FACTOR 
Addition of a Cleaner Stage To produce a higher quality product, a cleaner stage 
may be added. To adjust for a cleaner stage, multiply the supply and equipment 
costs obtained from the curves by the following factors: 


Supply factor (Fg wytms) = 1-22 


Equipment operation factor (Fp wyrys) = 1-14 


COST, dollars per day 
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7.1. MINERAL PROCESSING - OPERATING COSTS 
7.1.3. BENEFICIATION 


7.1.3.4.3. HIGH-INTENSITY MAGNETIC SEPARATION 
DRY 


The operating costs for high-intensity magnetic separation are given on a metric 
ton per day of feed basis. The total daily operating cost is the sum of three sep- 
arate cost curves (labor, supplies, and equipment operation) based on the capacity 
rate (X), in metric tons of ore to the magnetic separation circuit per day. The 
curves are valid for operations between 80 and 900 mtpd, operating three shifts per 
day. 


BASE CURVES 


The dry high-intensity magnetic separation cost curves are based on recovering il- 
menite from an ore or a concentrate. 


(L) Labor Operating Cost (Yyz pry) = 5.333(x)9-654 
The operating labor costs consist of the following typical range of personnel: 


Direct Labor is spateveeetetetercterces 864 
Maintenance labor......ccece 14% 


The average base salary including burden for labor is as follows: 


Av salary 
per hour 
(base rate) 


Control room operator...... 24% $17.56 


Mill OPCTAtOL.ccccvccccccecs 65% Lis Ll 
Mill PabOrer. 's stesso sos sities 327 11.68 


The average wage for labor is $15.68 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg ppy) = 0.281(x) 9-935 


The supply cost consists of 100% electric power. 


(E) Equipment Operating Cost (Yp ppy) = 0.095(x) 9-969 
The equipment operating cost consists of 100% for repair parts and materials. 


ADJUSTMENT FACTOR 


Feed Rate The base curves are based on feeding a high-intensity induced roll sepa- 
rator at a dry feed rate of 25.8 (kg/h)/cm of roll length. The feed rate can 
vary from 9 to 179 (kg/h)/cm depending on the application. For strategic com- 
modities, this range is 18 to 55 (kg/h)/cm. To adjust for different hourly 
feed rates, multiply the costs obtained from the curves by the following 


factors: 
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Labor factor (F,) = 1.001(25.8/F)9-653 
Supply factor (Fg) = 1.001(25.8/F)9+932 
Equipment operation factor (Fp) = 1.001(25.8/F) 9-967 


where F = new hourly feed rate, in kilograms per hour per centimeter of 
roll length. 
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7.1. MINERAL PROCESSING--OPERATING COSTS 
7.1.3. BENEFICIATION 


7.1.3.5. PHOTOMETRIC SEPARATION 


The operating cost curves for photometric separation are given on a metric ton per 
day basis. The total daily operating cost is the sum of three separate cost curves 
(labor, supplies, and equipment operation) based on the capacity rate (X), in 
metric tons of feed material to the sorter plant per day. The curves are valid for 
operations between 925 and 7,280 mtpd, operating on a continuous basis. 


BASE CURVES 


(L) Labor Operating Oose ee Ct, a= 1.285(x)9-728 


The operating labor costs consist of the following typical range of personnel: 


DLLOC UMLADOY slot crchadess ia erelbictens 96% 
Maintenance labor.....ccece 47% 


The labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
Mil lvoperator... <slsis ss 50% $16.78 
Mili helper.tcse.: st es 504 13560 


The average wage for labor is $15.28 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Ys) 0.186(x)1-022 


The supply costs consist of 93.8% electric power. and 6.2% water. 


(E) Equipment Operating Cost (Ym) = 0.029(x)9-901 
The equipment operation curve consists of 100% for repair parts and materials. 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
7-1-4. SOLID-LIQUID SEPARATION 


7-1.-4.1.1. SEDIMENTATION 
CONCENTRATE THICKENING 


Concentrate thickening is the partial dewatering of the concentrate pulp in prepar- 
ation for effective filtration and, in some cases, drying. 


The curves include all daily operating and maintenance costs associated with con- 
tinuous concentrate thickening, but apply only to the operation of conventional con- 
centrate thickeners and do not make allowances for the use of high-capacity, tray, 
deep-cone, or middling thickeners. In addition, the curves do not apply to the op- 
eration of clarifiers or countercurrent decantation arrangements. 


1. Costs are based on current industry preference for installation of a single 
large thickener, rather than several smaller thickeners of the same or different 
sizes, whenever possible. Large-capacity operations may use several thickeners be- 
cause of maximum design-size limitations. 


2. The curves cannot be directly applied to thickeners processing light (river 
or lake water clarification, metallic oxides, and brine clarification), some stand- 
ard (magnesium oxide and lime or brine softening), or extra-heavy (uranium counter- 
current decantation, iron ore concentrate, iron pellet feed, and titanium ilmenite) 
pulps. Size of solids is approximately 68% smaller than 200 mesh and 104% larger 
than 65 mesh. 


3. Cost are applicable to the following thickener operating parameters: 


SOUL OG MUO SG 1 slats elsseseiereser Wists o)e'6 410 80 oi 6i s.cte 0.77 m2/mtpdl 
Speci £ic ieravity .ol wSOUMItlon.s ose clee sere « 1.00 
Specific gravity of underflow slurry... 1.46 
Inflowaslurry ssolidUpercenties .ocsss veo 254 by weight 
Underflow slurry solid percent...ccsece 504 by weight 


lthe cost curves are actually based on 0.93m2/mt pd, an increase 
of approximately 25% for safety and temporary storage. See table A-l 
for unit areas. 


The total daily operating cost is the sum of three separate cost curves (labor, 
supplies, and equipment operation) based on the production rate (X), in metric 
tons of concentrate per day, on a dry basis. The curves are valid for opera- 
tions between 5 and 100,000 mtpd, operating three shifts per day. If more 
than one concentrate is being produced and thickened, the curves should be en- 
tered as often as necessary using the appropriate daily tonnage rates and unit 
area settling rates. 


BASE CURVE 


(L) Labor Operating Cost (Y7) = 0.005(X)+33.289 
The operating labor costs consist of the following typical range of 


personnel: 
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(s) 


(E) 


Direct PaDOe c cis ere teretenetate ete 19% 
Maintenance labor....cceoee 812 


The average base salary including burden for labor is as follows: 


Av salary 

per hour 

(base rate) 
Utility personses ies. . oh 10024 14.89 


The average wage for labor is $14.89 per worker-hour (including burden and 
average shift differential). 


No operating personnel are specifically assigned full time for thickener opera- 
tion. Annual maintenance labor, prorated to a daily basis for this curve, is 
required for overhaul and/or lubrication. 


Supply Operating Cost (Yg) = 1.614(x)9+947 


The supply cost consists of 100% electric power. 


Equipment Operating Cost (Yg) = 0.991(x) 9-496 


The equipment operation cost generally consists of only annual maintenance, 
which includes 92% for overhaul and repair parts and 8 % for lubrication. 


ADJUSTMENT FACTORS 


Amorphous or Colloidal Tailings The thickener area should be approximately doubled 


for amorphous or colloidal tailings. Costs should be increased accordingly. 


Flocculation Factor Flocculants are high-molecular weight polyelectrolytes of chem- 


ically modified natural organic materials used to promote settling. A wide 
range of unit area reductions is possible in designing a thickener, depending 
upon which flocculant is added to the feed. In an existing thickener, through- 
puts can be markedly increased, sometimes by a factor of 10 or more. For the 
basis of this section, the following costs should be added to the operating 
curves given above if flocculants are added: 


Labor factor (F,) = 0.110(x) 9-722 


Flocculation polymer cost 


Supply factor (Fg pozympR) = 0-028(x) 1-000 


Flocculation power cost 
Supply factor (Fs powER) = 0.011(x) 9-745 


where X = dry concentrate, in metric tons per day. 
These curves are based on a polymer costing $2.76 per kilogram in emulsion form 


being added at the rate of 3 mg/L of thickener slurry feed and on a slurry vol- 
ume of 3,392 L of slurry per metric ton of dry solids. 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
721.4. SOLID-LIQUID SEPARATION 


7.1.4.1.2. SEDIMENTATION 
TAILINGS THICKENING 


Dewatering of tailings slurries through sedimentation and decantation in ponds and 
basins is usually preceded by preliminary dewatering with thickeners to reduce the 
slurry volume prior to transportation to the pond and to facilitate water reuse. 


The cost curves in this section are applicable to operation of tailingsthickener 
systems but cannot be used to obtain costs for dewatering directly from the pond or 
for dewatering by alternative systems necessary for problem slurries, such as red 
mud resulting from bauxite processing or slimes from phosphate processing, both of 
which may contain as much as 85% to 90% water. The cost curves cannot be applied 
to high-rate tray, deep-cone, lamella, or middlings thickeners. In addition, the 
curves do not apply to the operation of clarifiers or countercurrent decantation 
arrangements. 


The following operational conditions apply for correct usage of the cost curves; 


1. Costs are based on current industry preference for installation of a single 
large thickener, rather than several smaller thickeners of the same or different 
sizes, whenever possible. Large capacity operations may use several thickeners be- 
cause of maximum design-size limitations. 


2. Thus, as defined, the curves cannot be directly applied to thickeners 
processing light (river or lake water clarification, metallic oxides, and brine 
clarification), some standard (magnesium oxide and lime or brine softening), or ex- 
tra-heavy (uranium countercurrent decantation, iron ore concentrate, iron pellet 
feed, and titanium ilmenite) pulps. Size of solids is approximately 684 smaller 
than 200 mesh and 10% larger than 65 mesh. 


3. Costs are applicable to the following thickener operating parameters; 


Solids loading 1 s-teae ee ame es te 0.77 m2/mtpdat 
Specific gravity of solution........ee~ 1.00 

Specific gravity of underflow slurry... 1.46 

Inflow slurry solid percent. .ccccccccee 25 percent by weight 
Underflow slurry solid percent......... 50 percent by weight 


1the cost curves are actually based on 0.93 m2/mtpd, an increase of 
approximately 254 for safety and temporary storage. See table A-l for 
unit areas. 


The total daily operating cost is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) based on the feed rate (X), in metric tons of tail- 
ings per day determined on a dry basis. The curves are valid for operations be- 
tween 5 and 100,000 mtpd, operating three shifts per day. 
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BASE CURVE 


(L) Labor Operating Cost (Y;) = 0.005(X)+33.289 


The operating labor costs consist of the following typical range of personnel: 


Directs adore. o osilec se oes a slo 19% 
Maintenance lLabor....ccccce 81% 


The average base salary including burden for labor is as follows: 


Av salary 

per hour 

(base rate) 
UCL LIC Vy DETSON sc atcies ese e's « 1004 $14.56 


The average wage for labor is $14.89 per worker-hour (including burden and 
average shift differential). 


No operating personnel are specifically assigned full time for thickener opera- 
tion. Annual maintenance labor, prorated to a daily basis for this curve, is 
required for overhaul and/or lubrication. 


(S) Supply Operating Cost (Yo) = 1.614(x)9+547 


The supply cost consists of 100% electric power. 


(E) Equipment Operating Cost (YR) = 0.991(x) 0-496 


The equipment operation cost consists only of annual maintenance, which in- 
cludes 92% for overhaul and repair parts and 8% for lubrication. 


ADJUSTMENT FACTORS 


Amorphous or Colloidal Tailings The thickener area should be approximately doubled 
for amorphous or colloidal tailings. Costs should be increased accordingly. 


Flocculation Factor Flocculants are high-molecular weight polyelectrolytes of chem- 
ically modified natural organic materials used to promote settling. A wide 
range of unit area reductions is possible in designing a thickener, depending 
upon which flocculant is added to the feed. In an existing thickener, through- 
puts can be markedly increased in many cases, depending upon the nature of the 
input slurry. For the basis of this section, add the costs obtained from the 
curves to the following factors if flocculants are added: 


Labor factor (Fy) = 0.110(x)0.722 
Flocculation polymer cost 

Supply factor (Fs porymER) = 0.028(x) 1-000 
Flocculation power cost 

Supply factor (Fs powrR) = 0.011(x) 0-745 


where X = dry tailings, in metric tons per day. 
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These curves are based on a polymer costing $2.76 per kilogram in emulsion form 
being added at the rate of 3 mg/L of thickener slurry feed and on a slurry vol- 
ume of 3,392 L of slurry per metric ton of dry solids. 
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7.1. MINERAL PROCESSING--OPERATING COSTS 
7.1.4. SOLID-LIQUID SEPARATION 


7.1.4.1.3. SEDIMENTATION 
COUNTERCURRENT DECANTATION 


The operating cost curves for countercurrent decantation cover the operation of a 
4-stage circuit at a settling area of 0.06 m2/mtpd. The circuit includes the op- 
eration of thickeners and pumps. The total daily operating cost is the sum of 
three separate cost curves (labor, supplies, and equipment operation) based on the 
production rate (X), in metric tons concentrate per day. The curves are valid for 
operations between 175 and 5,500 mtpd, operating three shifts per day. 


BASE CURVE 


(L) Labor Operating Cost (Y;) = 30. 193(x)9+380 


The operating labor costs consist of the following typical range of personnel: 


Small Large 
(175 to (2,000 to 
2,000 mtpd) 5,500 mtpd ) 
Operations. siete sis cle cle mics ¢ 88% 882% 
Maintenance. .). steleicis © sie o's aie 12% 122% 


The average base salary including burden for labor is as follows: 


Small ‘Large Av salary 
(175 to (2,000 to per hour 

2,000 mtpd) 5,500 mtpd) (base rate) 
Mill: operatorsciecs elects sos 100% 68% $17.11 
Milds helper.’ sicteeicickcs sicoctne = 32% 13.99 


The average wage for labor is $16.42 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 1.181(x)0-849 


Supplies consist of 74% flocculant and 26% electric power. 


(E) Equipment Operating Cost (Yg) = 0.989(x)9-388 


The equipment operating cost consists of 100% for repair parts and materials 
for the operation of the thickeners and pumps. 


ADJUSTMENT FACTORS 
Number of Thickener Units The cost curves are based on the operation of a four- 
stage circuit. To adjust for each additional thickener unit, multiply the 
costs obtained from the curves by the following factors: 


Supply factor (Fg pxrra) = 1.06 


Equipment operation factor (FR ry Ra) = 1.19 
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Conversely, to adjust for less than four thickener units, multiply the costs 
obtained from the curves by the following factors for each unit: 


Supply factor (Fo FryrR) = 0-94 
Equipment operation factor (Fr pRwEeR) = 0-81 
Shift Factor The curve is based on a three-shift-per-day operation. Typically, 
counter-current decantation circuits are operated on a continuous basis to main- 
tain steady flow rates between the individual thickener units. No adjustment 


factor for a oneor two-shift operation is recommended for this unit process. 


Feed Rate Adjustment Accordingly, no adjustment factor for feed rate is recommended 
based on the above discussion for shift factor. 
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7.1. MINERAL PROCESSING--OPERATING COST 
7.1.4. SOLID-LIQUID SEPARATION 


7.1.4.2.1. CONCENTRATE FILTRATION 
VACUUM, DISK, AND DRUM FILTRATION 


During filtration, the water content of the thickened concentrate pulp is reduced 
from approximately 50% to 12%. Unless subsequent drying is required, the filtra- 
tion process is the final step used in producing a concentrate product. 


The total daily operating cost is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) based on the output rate (X), in metric tons dry 
concentrate per day. The curves are valid for operations between 5 and 60,000 

mtpd, operating three shifts per day. The curves include all daily operating and 
maintenance costs associated with continuous-vacuum filtration, but do not include 
costs related to the auxiliary use of steam hoods or dewatering reagents. In par- 
ticular, the curves apply to the operation of rotary-disc filter equipment; however, 
for the operation of drum-type or horizontal filter equipment, the curves still 
provide approximations of costs. 


BASE CURVE 


(L) Labor Operating Cost CY) = 18.964(x)0-470 
The labor costs consist of the following typical range of personnel: 


Direct Labor... se sccs sole s.i6 62% 
Maintenance labor..ccccccse 38% 


The average base salary including burden for labor is as follows: 


Av Salary 

per hour 

(base rate) 
Filter-dryer operators..... 1004% Por? 2 


The average wage for labor is $16.22 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 0.792(x) 0-843 


The supply costs consist of 91% electric power and 9% filter media (the filter 
medium is polyethylene cloth). If flocculants, filter aids, or other reagents 
(for improving dewatering performance) are used in the filtration process, 
their cost(s) should be added to the base supplies cost. 


(E) Equipment Operating Cost (Ym) = 4.642(X) 9-528 


The equipment operating cost consists of 934 for overhaul and repair parts and 
7% for lubrication. 
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ADJUSTMENT FACTORS 


Filtration Rate Factor The operating cost curves are predicated on a filtration 
rate of 490 (kg/m2)/hr (approximately 100 (1b/ft2)/hr). To allow for dif- 
ferent filtration rates, multiply the costs obtained from the curves by the 
following factors: 


Labor factor (F,) = (F/490) 9-470 
Supply factor (Fg) = (F/490)9-843 


Equipment operation factor (FR) = (F/490) 0-528 
where F = actual filtration rate, in kilograms per square meter per hour. 


Pressure Filter Factor To account for the use of automatic pressure filters 


(e.g., Larox or Lasta-type filter presses) in place of the rotary-disk filters, 
multiply the costs obtained from the curves by the following factors: 


Supply factor (Fc) = 0.56 
Equipment operation factor (F,) = 4.5 


The water content of the pressure-filtered concentrate will also be less than 
that obtained from rotary-disc filtration (approximately 8% instead of 12%). 


Filter Medium Factor If the filter medium is not polyethylene cloth, the filter 
media cost should also be adjusted to reflect the material being used. 


Steam Drying Factor If the filtration machines use auxiliary steam drying, the 
extra operating costs (labor, electric power, overhaul and repair parts, and 
lubrication) should be added to the applicable base curve costs. 


COST, dollars per day 
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7.1. MINERAL PROCESSING--OPERATING COST 
7.1.4. SOLID-LIQUID SEPARATION 


7.1.4.2.2. CONCENTRATE FILTRATION 
PRESSURE FILTRATION--SAND 


The operating costs for pressure filtration are given on a metric ton per day of 
clarified solution basis. The costs include the operation of the feed pumps, fil- 
ters, and ancillary equipment. The total daily operating cost is the sum of three 
separate cost curves (labor, supplies, and equipment operation) having an adjusted 
feed rate (X), in metric tons of solution per day. The curves are valid for opera- 
tions between 1,900 and 31,900 mtpd, operating three shifts per day. 


BASE CURVE 


The base curve for sand filtration is predicated on processing an unclarified solu- 
tion containing up to 200 ppm of suspended solids. the specific flowrate for the 
sand filters is 12 gallons per minute (gpm) per square foot of filter area. The 
filters are constructed of mild steel and are suitable for noncorrosive service. 


(L) Labor Operating Cost (Yq, sanp) = 0-422(x)9-°90 


The labor costs consist of the following typical range of personnel: 


Direct TabOTrimi ces cee ee + ees 65% 
Maintenance labor..ccccccecs B55. 


The average base salary including burden for labor is as follows: 


Av Salary 

per hour 

(base rate) 
Mill operators ces osiclc es tate 72% $16.78 
Millslaborer... ses stele sie tes 28% 11.68 


The average wage for labor is $15.86 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg ganp) = 0.0002(x)}+295 
The supply cost consists of 1004 electric power. 


(E) Equipment Operating Cost (Yg ganp) = 0-008(xX) 9-99 


The equipment operation curve consists of 47% for repair parts and 53% for re- 
placement sand. 


COST, dollars per day 
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7.1. MINERAL PROCESSING--OPERATING COST 
7.1.4. SOLID-LIQUID SEPARATION 


7.1.4.2.3. CONCENTRATE FILTRATION 
PRESSURE FILTRATION - PRECOAT 


The operating costs for pressure filtration are given on a metric ton per day of 
clarified solution basis. The costs include the operation of the feed pumps, fil- 
ters, and ancillary equipment. The total daily operating cost is the sum of three 
separate cost curves (labor, supplies, and equipment operation) having an adjusted 
feed rate (X), in metric tons of solution per day. The curves are valid for opera- 
tions between 2,100 and 16,100 mtpd, operating three shifts per day. 


BASE CURVE 


The base curve for precoat filtration is predicated on utilizing vertical leaf pres- 
sure precoat filters. The solution to be processed can contain up to 200 ppm of 
suspended solids. The specific flow rate for the precoat filter was 0.6 gpm/m2 

of filter area. The filters are constructed of mild steel. 


(L) Labor Operating Cost (Yy7, prrcoaT) = 0-052(x)9-817 


The labor costs consist of the following typical range of personnel: 


Direct Mabors ccc cee ee teen 704 
Maintenance labor....cecooe 302 


The average base salary including burden for labor is as follows: 


Av Salary 

per hour 

(base rate) 
Mil lgoperator.| as). ais.0 = olsiets 10024 $16.78 


The average wage for labor is $16.78 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg precoar) = 0-005(x)1-104 


The supply cost consists of 100% electric power. 


(E) Equipment Operating Cost (Yf PRECOAT) = 0.022(x)9-992 
The equipment operation curve consists of 85% for precoat and 154 for repair 


parts. 


COST, dollars per day 
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7.1. MINERAL PROCESSING--OPERATING COST 
7.1.4. SOLID-LIQUID SEPARATION 


7.1.4.2.4. CONCENTRATE FILTRATION 
CENTRIFUGAL FILTRATION 


The centrifuge filtration curves are based on the use of screen bowl centrifuges 

for concentrate filtration or tailings dewatering. Screen bowl centrifuges are nor- 
mally used for feeds without an excess of minus 325-mesh fines. They are conside- 
red high-output units noted for their ability to produce a drier product than an e- 
quivalent capacity vacuum filter, and have the added advantage of being able to 
wash the filter cake. During centrifuging, the water content of a concentrate may 
be reduced to less than 8%, often eliminating the need for thermal drying. Centri- 
fuges can also used for liquid clarification, slurry dewatering, and desliming. 


The total daily operating cost is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) based on a production rate (X), in metric tons of 
dry solids handled per day. The curves are valid for operations between 5 and 
30,000 mtpd, operating three shifts per day. Cost per metric ton is calculated by 
dividing the total cost per day by the metric tons of solids processed per day. 
Costs are based on the operation of screen bowl centrifuges utilizing gravity feed 
(feed pumps are not included in the cost). 


BASE CURVES 


(L) Labor Operating Cost (Yj) = 3.728(X)0-543 


The operation labor needs for a centrifuge are minimal and consist of only a 
fraction of a mill workers daily responsibility. 


The labor costs consist of the following typical range of personnel: 


Direct Vabordheedoceecadeee 547% 
Maintenance labor....cccecee 464 


The average base salary including burden for labor is as follows: 


Av salary 

per hour 

(base rate) 
Mill floorwalker.....ccccoee 1002 $16.22 


The average wage for labor is $16.45 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 0.216(x) 1-010 


The supply cost consists of 100% electric power. 


(E) Equipment Operating Cost (Yg) = 1.366(X) 0-807 


The equipment operation curve consists of 83% for maintenance and repair parts 
(including ceramic hardfacing for scrolls and screens) and 17% for lubrication. 
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ADJUSTMENT FACTORS 


Solid Bowl Centrifuge Factor In situations where water clarification is required, 
or excessive fines must be dewatered, solid bowl centrifuges are often called 
for. If solid bowl centrifuges are to be used, multiply the total daily opera- 
ting costs by the following factor: 


Solid bowl centrifuge factor (Fs) = 0.778 
It must be remembered that solid bowl units are used mostly for clarification 
and desliming, and that in order to maintain throughput, flocculation of the 


feed may be required. 


Flocculant Factor If flocculants are to be used to enhance sedimentation, the cost 
per day of the required flocculant must be added to the daily supply cost. 
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7.1. MINERAL PROCESSING--OPERATING COSTS 
7.1.4. SOLID-LIQUID SEPARATION 


7.1.4.3. CONCENTRATE DRYING 


Drying operations generally use natural gas when and if available; otherwise, fuel 
oil is used. A hypothetical product was used for the cost determinations; it con- 
tained 12% moisture (from the filtration section) and was dried to 2% moisture. 


The curves are based on an operation using rotary dryers equipped with dust collec- 
tors and scrubbers and include conveyors in and out of the dryer. The total daily 
operating cost is the sum of three separate cost curves (labor, supplies, and equip- 
ment operation) having a feed rate (X), in metric tons of dry concentrate per day. 
The curves are valid for operations between 4 and 8,000 mtpd, operating three 

shifts per day. 


BASE CURVES 


(L) Labor Operating Cost (Yy, gmazz) = 141.199(x)9-963 
Yr. LARGE) = 48-296(X)0+237 


The operating labor costs consist of the following typical range of personnel: 


Small Large 
(4 to (400 to 
400 mtpd) 8,000 mtpd) 
Direct labGr. cc cece ssc so ove 36% 332 
Maintenance lLabor....ceccee 642 67% 


The average base salary including burden for labor is as follows: 


Small Large Av salary 
(4 to (400 to per hour 

400 mtpd) 8,000 mtpd) (base rate) 
Dryer operator..ccscccscecs 73% 654 $15.89 
H6T perc. s cc ccc cle 5 ae sla cles of 27% 35% 13.66 


The average wage for labor is $15.33 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg gmazp) = 17.691(x)9-634 


The supply cost consists of 73% natural gas and 27% electric power. 


(Ss) Supply Operating Cost (Yo LARGE) = 3.084(x) 9-933 


The supply cost consists of 95% natural gas and 5% electric power. 


(E) Equipment Operating Cost (Yg gmap) = 101.404(x)0-065 
(Ye LARGE) = 28.501(x)+265 
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Equipment operation consists of 94% for repair parts and 6% for lubrication for 
the dryer drum, drives, fans, conveyors, and dustcollection system for both the 
small and large operations. 


ADJUSTMENT FACTORS 


Fuel Oil Factor If fuel oil is used instead of natural gas, multiply the natural 
gas portion by the following factor: 


Fuel oil factor (FR) = 2.3 


Moisture Factor The cost of gas is a direct function of the amount of moisture to 
be removed. If the reduction in moisture is different than drying from 12% to 


2%, the cost of natural gas should be multiplied by the following factor: 


Moisture Factor (Fy) = 8.624[(C-M)/((1-C)(1-M) )] 
input moisture content, expressed as a fraction of the total 


weight of dryer feed material (including moisture), 
output moisture content, expressed as a fraction of the total 


weight of dryer product material. 


where C = 


and M = 


Actual costs, unit prices, wages, or cost breakdowns, if known, may be substi- 
tuted for values given in the above descriptions in order to adjust the labor, 


supplies, and equipment curves. 
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7.1. MINERAL PROCESSING--OPERATING COSTS 

7.1.4. SOLID-LIQUID SEPARATION 

7.1.4.4. TRANSPORT AND PLACE TAILINGS 

These curves cover the cost of transporting the partially dewatered tailings to a 
tailings pond. The tailings dam is raised by the constant addition of new material 


through the use of cyclones (for mineral processing plants over 1,000 mtpd). The 
curves are based on the following data: 


Percent solids in slurry...... 504 

Specific gravity of slurry.... 1.46 

Total average head.....cccoeee 30 m (including 15 m of static head) 
Average pump efficiency....... 654 

Pumping distance.....cccccecee 1 km 


The total daily operating cost is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) having a disposal rate (X), in metric tons tailings 
per day (dry weight equivalent). The curves are valid for operations between 100 
and 100,000 mtpd, operating three shifts per day. The curves include all daily op- 
erating and maintenance costs associated with the pumping, transporting through 
pipe, and disposing of the tailings in the pond. Backup pumps and motors allow the 
system to operate 100% of the time. 


BASE CURVE 


(L) Labor Operating Cost (Y ,) = 0.728(x)0-682 


The operating labor costs consist of the following typical range of personnel: 


Without cyclones With cyclones 
(100 to (1,000 to 
1,000 mtpd) 100,000 mtpd ) 
Direct labore. smusjccictee cclee.s 452 80% 
Maintenance labor....ceccee 554% 20% 


The operating labor costs consist of the following typical range of personnel: 


Without cyclones With cyclones Av salary 
(100 to (1,000 to (15,000 to (50,000 to per hour 


1,000 mtpd) 15,000 mtpd) 50,000 mtpd) 100,000 anepe (base rate) 


Operators sci cis - 53% 14% $16.25 
LADOLET sates ectercicte’s 100% 47% 67% 504% 13.97 
Crane operator.... - see 104% 19% 15.89 
Truck driver...... - = 9% 19% 15.89 
Dozer operator.... - = = 124% 16.33 


Operating costs average $15.05 per hour (including shift differential and bur- 
den). Changes in pumping rate, slurry composition (percent solids), or dis- 
tance do not materially affect the daily average labor wage. 
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(S) Supply Operating Cost (Ys) = 0.110(x)9-803 
The supply cost consists of electric power and steel pipe. 


Without cyclones With cyclones 
(100 to (1,000 to (15,000 to (50,000 to 
1,000 mtpd) 15,000 mtpd) 50,000 mtpd) 100,000 mtpd) 
POWET o's o a'c ero cinco e's 812% 78% 91% 842 
Piper (steel ives cs 19% 21% 9% 16% 


(E) Equipment Operating Cost (Yg) = 0.00261(x)1-052 


The equipment operation curve covers the daily operating cost for pumping, cy- 
cloning, and redistributing waste in a tailings pond, and includes allowances 
for replacement of pumps and cyclones and for mobile equipment operating costs. 


Without cyclones With cyclones 
(lO0Rton se Cls000 ito (15,000 to (50,000 to 
1,000 mtpd) 15,000 mtpd) 50,000 mtpd) 100,000 mtpd) 

Equipment operation.... 100% 464% 67% 88% 

(Repair parts).... (952) (954) (45%) (45%) 

(Fuel and lube)... ( 5%) ( 54) (52%) (52%) 

CTires) sc ces cuicees (yeh) (-) ( 34) ( 3%) 
R@DALT e DALTt Sic. clelcle «aie ~ 544% 334% 12% 


ADJUSTMENT FACTORS 


Operating Conditions Factor The user can factor the costs obtained from the supply 
and equipment operation curves to any set of conditions by multiplying the tot- 
al daily operating costs by the following factor: 


Operating conditions factor (Fo) = (S/1.46)(H/30)(65/E) 
where S = actual specific gravity of slurry, 
H = actual total head, in meters, 
and E = actual pump efficiency, in percent. 


Pumping Distance For pumping distances other than the 1-km base, multiply the sup- 
ply operating cost by the following factor: 


Supply factor (Fg) = (D)+0.900 
where D = actual pumping distance, in kilometers. 


NOTE--Apply this cost before applying the following gravity flow power cost ad- 
justment factors. 


Gravity Flow If the tailings flow by gravity to a ponding area, eliminate the power 


portion of the supply curve and multiply the equipment operating cost by one of 
the the following factors: 


For operations greater than or equal to 100 mtpd and less than or equal to 
1,000 mtpd 


Equipment operation factor (Fg 1909-1.9090) = 0-0 
This will eliminate the equipment portion of the curve. 
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For operations larger than 1,000 mtpd and less than or equal to 100,000 mtpd 
Equipment operation factor (Fr 1,000-100,000) = 0-8 


Cyclones If cyclones are not used (applies only to operations greater than 1,000 
mtpd), multiply the costs obtained from the curves by the following factors: 


Labor factor (Fy, 1,000-100, 0002 = 0.6 
Supply factor (Fg 1,000-100,000) = 0-95 
Equipment operation factor (FR 1,000-100,000) = 0-6 
Dry Tailings If dry tailings are being transported, use front-end loaders and 


trucks or surface conveyors for loading and transporting the tailings (see sec- 
tion Bele2eOes (IC 9142), or Tel vies) « 


100,000 


COST, dollars per day 
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7.1. MINERAL PROCESSING--OPERATING COSTS 
7-1-4. SOLID-LIQUID SEPARATION 


7-1.4.5. WATER RECLAMATION 


These curves cover the cost of returning decanted water from the tailings ponds to 
the mill. Im many cases lime, flocculants, or both may be added to the ponds to 
settle the colloidal particles. The curves are based on the following data; 


Specific gravity of fluid... 1.0 
Total head.cccccccccccccccce 16.5 m 
Pump efficiency. cccccccccces 802 
Pump operating time......eee 100% 
Pumping distance...ccccccece 1.0 km 


The total daily operating cost is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) having a water pumping volume (X), in cubic meters 
per day. The curves are valid for pumping rates between 100 and 325,000 m3/d, 
operating three shifts per day. These curves include all daily operating and main- 
tenance costs associated with pumping and pipeline maintenance. 


BASE CURVE 


(L) Labor Operating Cost (Yz) = 0.073(x)9-587 
The operating labor costs consist of the following typical range of personnel: 


Direct 1.8 DOT o/c: ccotuletethetelevaterats 04% 
Maintenance labor.ccccccecce 1004 


The maintenance labor costs consist of the following typical range of personnel: 


Small Large Av salary 
(100 to (10,000 to per hour 

10,000 m3/day) 325,000 m3/day) (base rate) 
Mechanic 2d class.ccececsece 554 28% $16.78 
Mechanic 3d class..ceceoeee = 26% 15.89 
Hel PTs sc sc css cisieis.epcelsjercisicie 45% 464 13.66 


The average wage for maintenance labor is $15.44 per worker-hour (including 
burden and average shift differential). 


(S) Supply Operating Cost (Ys) = 0.017(x)9-910 
The supply curve consists of 50% electric power, 29% flocculants, 12% pipe, and 


9% miscellaneous items. 


(E) Equipment Operation Cost (Ym) = 0.073(x)9+586 


The equipment operation curve covers the daily cost related to pumping and 
minor pipeline maintenance, consisting of 964 for parts and 4% for lubrication. 


ear 


ADJUSTMENT FACTORS 


Pumping Head Adjustment Factor The operating cost curves are predicated on a pump- 


ing head of 16.5 m. To adjust for actual pumping heads, multiply the costs ob- 
tained from the curves by the following factors: 


Supply factor (Fg) = 0.450+0.042(H)(S)(E)(T) 


Equipment operation factor (Fp) = 0.120+0.067(H)(S)(E)(T) 

where H = actual total head (static, friction, velocity, and fittings), 
in meters, 

actual specific gravity, 

actual pump efficiency, expressed as a decimal, 

actual pump operating time percentage, expressed as a decimal. 


Ss 

E 
and D 
For preliminary estimates of H, add to the actual static head (lift) 1 to 2 m 
for each kilometer of new steel pipeline through which water is pumped. For 
accurate determinations of H, add to the actual static head the sum of the 


friction, velocity, and fitting heads obtained from hydraulics handbooks ac- 
cording to pipe quality, pipe diameter, and pipeline pumping distance. 


Pumping Distance Adjustment Factor The operating cost curves are predicated on a 


pumping distance of 1 km. To adjust for actual pumping distances, multiply the 
costs obtained from the curves by the following factor: 


Supply factor (Fg) = 0.870+0.130(D) 
where D = actual pumping distance, in kilometers. 


COST, dollars per day 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
7-1-5. HYDROMETALLURGY 


7-1.5.1-1. ACID LEACHING 
BERYLLIUM ORE 


The operating cost curves for beryllium ore include the operation and maintenance 
of the leaching circuit from the ore to the leaching circuit through the discharge 
of the leached ore. The total daily operating cost is the sum of three separate 
cost curves for labor, supplies, and equipment ‘operation at a daily feed rate (X) 
in metric tons of ore per day. The curves are valid for operations between 85 and 
560 mtpd, operating three shifts per day. 


BASE CURVE 


(L) Labor Operating Cost Yj, = 7 »348(x)0-427 
The labor costs consist of the following typical range of personnel: 


Direct MS DOTs clcis 6 cities le oclarets 95% 
Maintenance labor.cccccccce 54% 


The average base salary including burden for labor is as follows: 


Av salary 

per hour 

(base rate) 
Mill operatore.cccccsscsccle 664 $16.78 
Mil] helper. .cccccsccccccce 264% 13.66 
Millelaborer.scccssecsesc cis 8% 11.68 


The average wage for labor is $15.64 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Ys) = 26.070(x)9-976 
The supply cost consists of 86.5% sulfuric acid, 11.6% natural gas, and 1.9% 


electric power. 


(E) Equipment Operating Cost Yp = 3.457(x)9+263 


The equipment operating curve consists of 100% for repair parts and materials. 
The curve includes an allowance for the replacement of items such as motors, 
pump parts, gears, and drive belts associated with the leaching circuit. 


ADJUSTMENT FACTOR 


Shift Factor The base curves are based on a three-shift-per-day leaching operation. 
Beryllium leaching operations would probably operate on continuous basis to 
maintain a steady feed to the subsequent separation circuit. No adjustment 
factor for a oneor two-shift operation is recommended for acid leaching of be- 
ryllium ores. 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
7-1-5. HYDROMETALLURGY 


7e1.521.2. ACID LEACHING 
CARBONATE 


The operating cost curves for leaching carbonates in concentrates include the oper- 
ation and maintenance of the leaching circuit from the concentrate to the leaching 
circuit through the discharge of the leached concentrate. The total daily operat- 
ing cost is the sum of three separate cost curves for labor, supplies, and equip- 
ment operation at a daily feed rate (X) in metric tons of concentrate per day. The 
curves are valid for operations between 4 and 1,700 mtpd, operating three shifts 
per day. 


BASE CURVE 


The base curves for leaching carbonates in concentrates were assumed at 54 carbon- 
ate (as C03). 


(L) Labor Operating Cost (Yj) = 5.100 (x)0-470 
The labor costs consist of the following typical range of personnel: 


Direct VADOT 6 ¢< se cab els ks ces 78% 
Maintenance labor.ccccccces 22% 


The average base salary including burden for labor is as follows: 


Av salary 

per hour 

(base rate) 
Control room operator...... 8% 17.23 
Mi PLS OpCTaCOr se cess os aie ee os 502 16.78 
Mill hel perwecece ces ots os o's 32% 13.66 
METIS Laborers ccs cesses ss 104 11.68 


The average wage for labor is $15.69 per worker-hour (including burden and 
average shift differential). 


(S$) Supply Operating Cost (Yg) = 4.974(x)0-966 
The supply cost consists of 93.3% sulfuric acid and 6.7% electric power. 


(E) Equipment Operating Cost (Ye) = 0.622(x)0-441 


The equipment operation curve consists 100% for repair parts and materials. 
The curve includes an allowance for the replacemnt of items such as gears, pump 
parts, motors, and drive belts associated with the leaching circuit. 


ADJUSTMENT FACTORS 


Percent Carbonate Factor The curves are based on a carbonate content (as C03) of 
54 in the concentrate. To adjust the base curve for different levels of car- 
bonate content, multiply the cost obtained from the supply curve by the follow- 


ing factor: 
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Supply factor (Fg) = 0.195(C)+0.0257 
where C = carbonate as C03 in the concentrate, expressed as percent. 


Leach Time Factor The curves are based on a leaching time of 4 h. To adjust the 
base curve for different leach times, multiply the costs obtained from the 
curves by the following factors: 


Supply factor (Fs) = 0.007(T)+0.972 


Equipment operation factor (FR) = 0.370(T)9+/717 
where T = actual leach time, in hours. 


COST, dollars per day 
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7.1. MINERAL PROCESSING--OPERATING COSTS 
721.5. HYDROMETALLURGY 
7-1.5.1.3. ACID LEACHING 
COPPER ORE 


The operating cost curves for copper ore include the operation and maintenance of 
the leaching circuit from the ore to the leaching circuit through the discharge of 
the leached ore. The total daily operating cost is the sum of three separate cost 
curves for labor, supplies, and equipment operation at a daily feed rate (X), in 
metric tons of ore per day. The curves are valid for operations between 3,000 and 
10,500 mtpd, operating three shifts per day. 


BASE CURVE 


(L) Labor Operating Cost (Yj) = 0.189 (x)0-762 
The labor costs consist of the following typical range of personnel: 


Direct LaDOTLs cs cletche cheveleteiele'e 954 
Maintenance labor..ccccecece 5% 


The average base salary including burden for labor is as follows: 


Av slaary 

per hour 

(base rate) 
Control room operator...e.. 29% 7225 
Mill operator. .ceccceccccce 464 16.78 
Mill helper... espiaetes ed «es 17% 13.66 
Mill laborer. .ccccccccccccce 8% 11.68 


The average wage for labor is $16.07 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Ys) = 7.977(x)0-998 
The supply operating costs consist of 99.2% sulfuric acid and 0.8% electricity. 


(E) Equipment Operating Cost (rie 0.007 (x)9-999 


The equipment operation curve consists of 100% for repair parts and materials. 
The curve includes an allowance for the replacement of items such as motors, 
pump parts, gears, and drive belts associated with the acid leaching circuit. 


ADJUSTMENT FACTORS 


Shift Factor The base curves are based on a three-shift-per-day operation. Copper 
leaching operations would probably operate on a continuous basis to maintain a 
steady flow rate to the subsequent countercurrent decantation (CCD) thickening 
circuit. No adjustment factor for a oneor two-shift operation is recommended 
for acid leaching of copper ores. 
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Sulfuric Acid Consumption Factor The base curve is based on an acid consumption 
rate of 220 1b of sulfuric acid per metric ton of copper ore leached. For con- 
sumption rates other than 220 1b, multiply the cost obtained from the supply 
curve by the following factor: 


Supply factor (Fs) = 0.0045(X)+0.010 
where X = actual consumption rate of sulfuric acid, in pounds per metric 
ton of copper ore leached. 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
7-1-5. HYDROMETALLURGY 


7-1.5.1.4. ACID LEACHING 
PYROCHLORE 


The operating cost curves for pyrochlore concentrates include the operation and 
maintenance of the leaching circuit from the concentrate to the leaching circuit 
through the discharge of the leached concentrate. The total daily operating cost 
is the sum of three separate cost curves for labor, supplies, and equipment opera- 
tion at a daily feed rate (X) in metric tons of concentrate per day. The curves 
are valid for operations between 4 and 170 mtpd, operating three shifts per day. 


BASE CURVE 


(L) Labor Operating Cost (Yz,) = 5.118(x)9-654 
The labor costs consist of the following typical range of personnel: 


Direct LA DO Ts ctorcleccletatsve aletete's 90% 
Maintenance labor.cecccececc 10% 


The average base salary including burden for labor is as follows: 


Av salary 

per hour 

(base rate) 
Mil} OPCTAlOrsscis.claisicie < c:0is,0 47% $16.78 
Mill helper. cecccccccccccecs 53% 13.66 


The average wage for labor is $15.32 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Ys) = 17.656(x)9-990 
The supply cost consists of 93.7% hydrochloric acid, 4.6% filter aid, and 1.7% 
electric power. 


(E) Equipment Operating Cost (YR) = 2.877 (x)0-494 


The equipment operation curve consists of 100% for repair parts and materials. 
The curve includes an allowance for the replacement of items such as motors, 
pump parts, gears, filter cloth, and drive belts associated with the leaching 
circuit. 


ADJUSTMENT FACTORS 
Number of Leaching Stages The curve is based on a two-stage pyrochlore leaching 
operation. To adjust for a one-stage pyrochlore leach circuit, the costs ob- 
tained from the curves. should be multiplied by the following factors: 
Labor factor (Fy) = 3.55 


Supply factor (Fo) = 0.19 


Equipment operation factor (Fg) = 0.49 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
7-1-5. HYDROMETALLURGY 


7-1.5.1.5. LEACHING 
CARBON-IN-PULP 


The operational cost curves pertain to carbon-in-pulp (CIP) processing of “lower 
grade” ores containing approximately 0.09 to 0.7 tr oz of gold per short ton (3 to 
24 g of gold per metric ton), 1 troy ounce of silver or gold plus silver per ton 
(34 g/mt). The section includes all daily operating and maintenance costs for the 
successive unit processes of conventional slurry thickening of 80% minus 200-mesh 
ground ore; cyanide agitation leaching; wood-chip and trash screening; adsorption 
of precious metals by activated coconut carbon in five adsorption stages for gold 
recovery (six to eight for silver); countercurrent carbon transfer; screening for 
separation of charcoal from pulp; hot caustic-cyanide stripping of carbon at atmos- 
pheric pressure, or a higher pressures with or without the use of alcohol; carbon 
acid washing and regeneration by heating and quenching; electrowinning on steelwool 
cathodes; carbon column scavenger recovery from bleed streams and tailing return 
water used in the process; and bullion refining and casting facilities, including 
slag processing. Cyanide is not regenerated from the barren solution in the pro- 
cess, and comminution and tailings disposal costs are not included. 


The curves are not applicable to conventional cyanide agitation leaching with 
Merrill-Crowe precipitation; preagglomeration of ores; carbon-in-leach; preoxida- 
tion of carbonaceous or graphitic ores; carbon-in-columm; autoclave or pressure 
leaching; amalgamation; high-intensity leaching circuitry; vat, heap or dump leach- 
ing; or leaching with lixiviants other than cyanide, such as thiourea, thiosulfate, 
or aqueous chlorine. 


BASE CURVES 


The total daily operating cost is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) based on the feed rate (X), in metric tons of ore 
per day determined on a dry basis. The curves are valid for operations between 300 
and 2,200 mtpd of dry circuit feed, operating three shifts per day. 


(L) Labor Operating Cost (Yz) = 14.002(x)9- 617 
The operating labor costs consist of the following typical range of personnel: 


Direct Wa DO Wetctevelelevc.cicelerelerets 87% 
Maintenance labor.-cccccecece 13% 


The average base salary including burden for labor is as follows: 


Av salary 

per hour 

(base rate) 
Control room operator...cee-e 45% $17.56 
MELTS ODETALOT< 0s éooee ee 0.08 447 abe fey We 
Hel pe occcccccccccceccccccecs 11% 13.66 
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(S) 


(E) 


The average wage for labor is $16.81 per worker-hour (including burden and 
average shift differential). 


Supply Operating Cost (Yg) = 1.376(X)+929.089 

The supply cost consists of 52% electric power, 48% reagents Operating cost 

for supplies includes the reagents and power required for all thickening, leach- 
ing, filtering, carbon handling and treatment, carbon scavenging units, and 
bullion casting facilities. 


Equipment Operating Cost (Yg) = 3.901(x)0-571 


The equipment operation curve consists of 914% for repair parts and 9% for lu- 
brication. 


ADJUSTMENT FACTORS 


Water Adjustment The hydrometallurgical nature of the leach process requires large 


quantities of fresh and/or recycled water. The operating costs in this section 
do not include water costs or costs associated with reclamation of water from 
tailings ponds. An average requirement of 2.05 m3 of water per metric ton of 
ore can be assumed for this process with up to 354 of the requirement being 
provided through reclamation (section 6.1.4.5.). 


Carbonaceous or Graphitic Ores Factor If carbonaceous or graphitic ores are pro- 


cessed, multiply the the costs obtained from the supply curve by the following 
factor: 


Supply factor (Fg) = 2.6 


This adjustment accounts for the added cost of chlorine ($206/mt) and soda ash 
($110/mt) required for oxidation. 


COST, dollars per day 
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7.1. MINERAL PROCESSING--OPERATING COSTS 
721.5. HYDROMETALLURGY 


7-1.-5.1.6. LEACHING 
COPPER DUMP 


Trickle-sprayleaching is the dump leaching methodology applicable for copper ore 
containing at least 54 pyrite (which generates most of the acid used for maintain- 
ing pH). Dump liquors are assumed to range between 0.8 and 2.0 g copper per liter. 
Dumps are assumed built on the existing topography with no liners being used. A 
leach time of 6 months is assumed, with 2 months following being allowed for dump 
“resting” before leaching is resumed. 


BASE CURVES 


The operating costs include forming the dumps (exclusive of mining and truck haul- 
age); ripping and/or berm building; introduction of leach solution by spraying for 
percolation through the dump; collection of the resulting pregnant liquors; approx- 
imately 3,000-m transfer to the solvent extraction plant pregnant liquor pond; and 
return of the barren solution to the dump from the makeup tank. The spraying meth- 
od involves the use of perforated plastic pipes for which assembly, movement, and 
maintenance are included in the costs. Solvent extraction and electrowinning or 
cementation are not included. 


The total daily operating cost is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) based on the production rate (X), in liters of 

leach solution per minute. The curves are valid for operations between 3,000 and 
12,000 L/min, recirculating three shifts per day. 


(L) Labor Operating Cost (Yz) = 11.371(x)9-353 
The labor costs consist of the following typical range of personnel: 


Direct TabOTistedlieveclsiclelestererste 80% 
Maintenance labor.eccccccce 20% 


The average base salary including burden for labor is as follows: 


Small Large Av salary 
(3,000 to (7,500 to per hour 
7,500 L/min) 12,000 L/min) (base rate) 
Pond OperatOrecceccsccccesce 64 11% 15.44 
PUMPMAN os\e1e eo ole s'clelcle ee cle ciety 31% 53% 23-46 
DOZCTs OPE TACO. sicic tis o clas ste 6 3% 364 16.33 


The average wage for labor is $18.55 per worker-hour (including burden and 
average shift differential). 


Maintenance and repair are performed by the dump crew. Labor is assigned only 
to the day shift. 
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(S) Supply Operating Cost (Yg) = 0.070(x)1-000 
The supply cost consists of 564 electric power, 38% reagents (sulfuric acid), 


and 64 miscellaneous, which includes replacement pipes and couplings. 


(E) Equipment Operating Cost (YR) = 6.068(x)9-325 


The equipment operation curve consists of 60% for parts, 33% for fuel, and 7% 
for lubrication for pumps, motors, vehicles, and tires. 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
7.1.5. HYDROMETALLURGY 


7-1.5.1.7- LEACHING 
CONVENTIONAL CYANIDE LEACHING WITH MERRILL-CROWE PRECIPITATION 


The operational cost curves pertain to conventional cyanide leaching of “higher 
grade” ores containing greater than 0.7 tr oz of gold or gold plus silver per short 
ton (24 g/mt) or 1 tr oz of silver per short ton (34 g/mt) and small operations in- 
cluding leaching of flotation and/or gravity concentrates. The section includes 
all daily operating and maintenance costs for the successive unit processes neces- 
sary for cyanide agitation leaching of 80% minus 200-mesh ground ore; dewatering by 
countercurrent decantation or filtration or a filter-wash-repulp circuit to produce 
a clear liquor and barren solids; pregnant solution holding; pregnant solution fin- 
al pressure clarification; liquor vacuum deaeration; Merrill-Crowe zinc precipita- 
tion; precious metal filtration; carbon column scavenger recovery from bleed 
streams and tailings return water; acid pretreatment of precipitates; and bullion 
refining and casting facilities. Comminution and tailings disposal costs are not 
included. 


The curves cannot be utilized for carbon-in-pulp; preagglomeration of ores; carbon- 
in-leach; preoxidation of carbonaceous or graphitic ores; carbon-in-column; vat, 
heap, or dump leaching; autoclave or pressure leaching; amalgamation; highintensity 
leaching circuitry; or leaching with lixiviants other than cyanide, such as with 
thiourea, thiosulfate, or aqueous chlorine. 


BASE CURVES 


The total daily operating cost is the sum of the labor, supplies, and equipment op- 
eration cost curves, each of which is based on the feed rate (X), in metric tons 
ore per day determined on a dry basis. The curves are valid for operations between 
5 and 2,800 mtpd of circuit feed, operating 3 shifts per day. 


(L) Labor Operating Cost (Y7,) = 378.543(x)0-247 


The operating labor costs consist of the following typical range of personnel: 


Small Large 
(5 to (50 to 
50 mtpd) 2,800 mtpd) 
Direct) Laboreeces ss cot sce ce 80% 72% 


Maintenance labor.-cecccccee 20% 28% 
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(S) 


(E) 


The average base salary including burden for labor is as follows: 


Small Large Av salary 
(5 to (50 to per hour 

50 mtpd) 2,800 mtpd) (base rate) 
Mil] operator. ccccsccscsecce 49% 454 $16.78 
Control room operator...... 51% = 17.56 
Helperecccccccccccccccccces - 13 13.66 
Dryer filter operator...... = 42% 16.22 


The average wage for labor for a small operation is $17.87 per worker-hour and 
for a large operation is $17.18 per worker-hour (including burden and average 
shift differential). 


Supply Operating Cost (Yg) = 9.227 (x)0-852 

The operating cost for supplies includes the reagents and power required for 
all thickening, leaching, filtering, precipitation, carbon column scavenging, 
and bullion casting facilities. For small operations, the supply cost consists 
of 754 electric power and 254 reagents. For large mills, the supply cost con- 
sists of 71% to 85% reagents and 154 to 29% electric power. 


Equipment Operating Costs (YR) = 2.628(x)0-775 


The equipment operation curve consists of 934 for repair parts and 74 for lu- 
brication. 


ADJUSTMENT FACTOR 


Water Adjustment The hydrometallurgical nature of the leach process requires large 


quantities of fresh and/or recycled water. The base curve costs do not include 
water costs or costs associated with reclamation of water from tailings ponds. 
An average requirement of 1.13 m> of water per metric ton of ore can be as- 
sumed for this process. 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
7-1.5. HYDROMETALLURGY 


7-1.5.1-8. LEACHING 
URANIUM 


The operating cost curves for uranium leaching include the operation and mainte- 
nance of a uranium leaching operation from the ground slurry storage tanks follow- 
ing grinding through the production of uranium concentrate, yellowcake. The unit 
process includes leaching, solvent extraction, precipitation, and drying circuits. 
The total daily operating cost is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) based on the feed rate (X), in metric tons of dry 
ore per day. The curves are valid for operations between 770 and 6,300 mtpd, oper- 
ating three shifts per day. 


BASE CURVES 


(L) Labor Operating Cost (Yz) = 180.942(x)0-459 
The labor costs consist of the following typical range of personnel: 


Direct’ Labor. <cste ese e'eosle's 564 
Maintenance labor. .cccccecce 44% 


The average base salary including burden for labor is as follows: 


Av salary 

per hour 

(base rate) 
Control room operatoOre.eccece 11% 17.56 
Mid'Ts operators siefeciee conte e's 364 17.11 
MilT hel perc... siete « cfe s oleisieiese 182 13.99 
Mill suboperator. ccccccccce 134% 14.89 
Packer—Loader.cccccccccccece 3% 15.77 
Mill laborer. csccccccecscs 19% 11.68 


Labor costs average $15.62 per worker-hour and include burden and shift differ- 
entials. 


(S) Supply Operating Cost (Yg) = 36.954(x)9-792 
The supply operating costs consist of the following: 


Small Large 

(770 to (2,000 to 

2,000 mtpd) 6,300 mtpd) 
Sulfuric acid.....e.ce 38.64 54.2% 
Other reagentS.ccecece 17.84 25-04 
Blectric powerss.cs «sa 5.5% 4.9% 


FUG 15's alse ale etote eteters ctetars 38.14 15.9% 
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(E) Equipment Operating Cost (Yg) = 20.742(x)0-649 


The equipment operation curve consists of 99.64 for repair parts and materials 
and 0.4% for lubrication. The curve includes an allowance for the replacement 


of items such as motors, pump parts, gears, and drive belts associated with u- 
ranium processing circuits. 


ADJUSTMENT FACTORS 


Shift Factor The curve is based on a three-shift-per-day operation. Typically, 
uranium leaching operations operate on a continuous basis to maintain steady 
flow rates between the various processing circuits. No adjustment factor for a 
one- or two-shift operation is recommended for this unit process. 


Sulfuric Acid Consumption Factor The curve is based on a consumption rate of 100 
1b of sulfuric acid per metric ton of ore. This consumption rate varies signif- 


icantly between 55 and 400 1b as a function of the individual ore characteris- 
tics. 


For consumption rates other than 100 1b, multiply the supply operating cost by 
the following factor: 


Supply factor (Fg) = 0.00530(P)+0.47 
where P = new consumption rate, in pounds. 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
7-1-5. HYDROMETALLURGY 


721.5221. SOLVENT EXTRACTION 
BERYLLIUM 


The operating cost curves for a beryllium solvent extraction circuit include its 
operation and maintenance from clarified pregnant aqueous solution through the pro- 
duction of a pregnant strip solution. The total daily operating cost is the sum of 
three separate cost curves (labor, supplies, and equipment operation) based on the 
feed rate (X), in liters per minute of clarified pregnant aqueous solution to the 
solvent extraction circuit. The curves are valid for operations between 85 and 575 
L, operating three shifts per day. 


BASE CURVES 


(L) Labor Operating Cost (Yz) = 34.627(x)0-452 
The labor costs consist of the following typical range of personnel: 


Direct TPaDOTete Setete erctels clevete 90% 
Maintenance labor.-cccccccce 102 


The average base salary including burden for labor is as follows: 


Av salary 

per hour 

(base rate) 
Solvent extraction operator.. 74% 16.78 
Solvent extraction helper.... 19% 13.66 
LADOre Le cccccccccccccccccccce 7% 11.68 


The average wage for labor is $15.94 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 5.662 (x) 0-980 
The supply operating cost consists of 81.8% reagents, 13.64 natural gas, and 


4.64 electricity. 


(E) Equipment Operating Cost (Yp) = 4.929 (x)0-186 


The equipment operation curve consists of 100% for repair parts and materials. 
The curve includes an allowance for the replacement of items such as motors, 
pump parts, bearings, and drive belts associated with the beryllium solvent ex- 
traction circuit. 
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ADJUSTMENT FACTORS 


Shift Factor The base curves are based on a three-shift-per-day operation. It is 
desirable to operate solvent extraction circuits on a continuous basis to mini- 
mize the formation of crud and/or emulsions. The crud and/or emulsions may 
contain radioactive materials and would require special disposal and/or proces- 
sing at an additional cost. No adjustment factor for a oneor two-shift opera- 
tion is recommended for beryllium solvent extraction circuits. 


Number of Extraction Stages The base curves are premised on the installation of 
seven extraction stages. To adjust for a different number of extraction 


stages, multiply the supply and equipment operation costs obtained from the 
curves by the following factors: 


Supply factor (Fg) = 0.958(N)9-022 


Equipment operation factor (FR) = 0.527(N)9-329 
where N = number of extraction stages. 


Number of Stripping Stages The base curves are premised on the installation of two 
stripping stages. To adjust for a different number of stripping stages, multi- 


ply the supply and equipment operation costs obtained from the curves by the 
following factors: 


Supply factor (Fs) = 0.998(S)9-903 


Equipment operation factor (FR) = 0.940(S)9-090 
where S = number of stripping stages. 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
7-1-5. HYDROMETALLURGY 


7-1-5.2-2- SOLVENT EXTRACTION 
COPPER 


The operating cost curves for a copper solvent extraction circuit include its oper- 
ation and maintenance from clarified pregnant aqueous solution through the produc- 
tion of a pregnant strip solution. The total daily operating cost is the sum of 
three separate cost curves (labor, supplies, and equipment operation) based on the 
feed rate (X), in liters per minute of clarified pregnant aqueous solution to the 
solvent extraction circuit. The curves are valid for operations between 8,000 and 
27,000 L, operating three shifts per day. 


BASE CURVES 


(L) Labor Operating Cost (Y,) = 0.142(x)9-899 
The labor costs consist of the following typical range of personnel: 


Direct LaAbDOT sistsle clelevetc etatetere.« 74% 
Maintenance labore ceccccccce 26% 


The average base salary including burden for labor is as follows: 


Av salary 

per hour 

(base rate) 
Control room operatoOre.ece. 4h 17.23 
Solvent extraction operator 93% 16.78 
LADOLET sites ce eicalsle ciciaieiniclc.els 3% 11.68 


The average wage for labor is $16.69 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 0.277(x)0-988 
The supply operating cost consists of 89.9% reagents and 10.1% electricity. 


(E) Equipment Operation Cost (Yg) = 0.020(x)9-935 


The equipment operation curve consists of 97.6% for repair parts and materials 
and 2.4% for lubrication. The curve includes an allowance for the replacement 
of items such as motors, pump parts, bearings, gears, piping, and drive belts 
associated with the copper extraction circuit. 


ADJUSTMENT FACTORS 


Shift Factor The base curves are based on a three-shift-per-day operation. It is 
desirable to operate solvent extraction circuits on a continuous basis to mini- 
mize the formation of crud and/or emulsion. The crud and/or emulsion may con- 
tain radioactive materials which would require special disposal and/or proces- 
sing at an additional cost. Therefore, no adjustment factor for a one- or 
two-shift operation is recommended for copper solvent extraction circuits. 
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Number of Stages The base case is premised on a total of eight stages four extrac- 
tion and four stripping) in the solvent extraction. To adjust for a different 
number of stages, multiply the supply and equipment operation costs obtained 
from the curves by the following factors: 


Supply factor (Fs) = 0.758(N)9-133 


Equipment operation factor (Fg) = 0.510(N)9-324 
where N = total number of extraction and stripping stages. 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
7-1-6. SPECIAL APPLICATIONS 


7-1-6-1. AMALGAMATION 


The operating cost curves for amalgamation are given on a cost per day basis. The 
total daily operating cost is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) at the feed rate (X), in metric tons of feed mater- 
ial to the amalgamation circuit per day. The curves are valid for operations be- 
tween 0.40 and 65.0 mtpd. At low feed rates, the amalgamation circuit is normally 
operated on a one batch per day cycle, while at high feed rates, the operation is 
continuous. 


BASE CURVE 


(L) Labor Operating Cost (Yyz,) = 20.230(x)9-251 
The operating labor costs consist of the following typical range of personnel: 


Small Large 

(0.4 to (1 to 

1 mtpd) 65 mtpd) 
DETECLMLADOTs cs staista sieis ats c.e'c.s 1004 82% 
Maintenance labor..ccecccocee 04% 18% 


The average base salary including burden for labor is as follows: 


Small Av salary Large Av salary 
(0.4 to per hour CLAtO per hour 
1 mtpd) (base rate) 65 mtpd) (base rate) 


Mill operator. eoeoeceoeeee 1004 $16. 78 1004 YoRiw 


The average wage for labor is $16.92 per worker-hour (including burden and ave- 
rage shift differential). 


(S) Supply Operating Cost (Yg) = 8.702(x)0-482 
The supply cost consists of the following: 


Small Large 
(O«4eto (1 to 
1 mtpd) 65 mtpd) 
Electric” powGrs .. c's seas 23% 81% 
MErcury sic ecices 0 co vac sss 77% 19% 


(E) Equipment Operating Cost (Yg) = 4.708 (x)9+329 


The equipment operation curve consists of 1004 for repair parts and materials. 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
7-1-6. SPECIAL APPLICATIONS 


7.1.6.2.1. BRINE RECOVERY 
LITHIUM (WELLS) 


The operating cost curves include the operation and maintenance of the brine recov- 
ery system, including solar evaporation ponds where applicable. The total daily op- 
erating cost for lithium from wells is the sum of three separate cost curves (labor, 
supplies, and equipment operation) having a feed rate (X), in liters of brine solu- 
tion per minute pumped from the well field to the solar evaporation ponds. The 
curves are valid for operations between 1,300 and 9,700 L of brine solution, operat- 
ing three shifts per day. 


BASE CURVE 


The operating cost curves for a lithium brine recovery includes the wells and solar 
evaporation ponds. 


(L) Labor Operating Cost (Y,) = 5.985(x)9-635 
The operating labor costs consist of the following typical range of personnel: 


DITeCCM LADO ccists ee leie blcstarets 6 80% 
Maintenance labor.ccccecccce 20% 


The average base salary including burden for labor is as follows: 


Av salary 

per hour 

(base rate) 
PONG VODETA LOLs s sles «levciwiclee siere 38% 16.78 
Dragline operator. cecccccece 5% 16.78 
Loader OperatOreccccccccccce 9% 16.78 
Truck driver. ccccccccveccccce 154 16.78 
EADOTE Te sce 0s oe sc 0 wes sieee e's 334 11.68 


The average wage for labor is $15.02 per worker-hour (including burden and aver- 
age shift differential). 


(S) Supply Operating Cost (Yg) = 0.147(x)9-958 
The supply operating cost consists of 99.54 electric power and 0.54 lime. 


(E) Equipment Operating Cost (Yg) = 5.550(x)0-493 


The equipment operating curve includes an allowance for the replacement of items 
such as motors, pump parts, piping, and the operation of mobile equipment asso- 
ciated with the lithium brine recovery system. 


Diesel fuel.ccccccccccccccccccce 34.0% 
GEBOLING ss <0 0c cnc es sale wscisies ss 60 18.14 
Mobile equipment repair parts... 17.14 
Pumping system repair parts..... 12.54% 
LTO Bs su nisic elas 0's.0 = & 0010 .8.6.6 6610 e510 11.34 
Lubrication. eccccccccccccccvcces 7.04% 
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ADJUSTMENT FACTORS 
Well Depth Factor The curves are based on an average well depth of 150 m. To ad- 
just for a different well depth, multiply the supply and equipment operation 
costs obtained from the curves by the following factors: 


Supply factor (Fg) = 0.078(D)0-508 


Equipment operation factor (FE) 0.921(D)9-016 
where D = well depth, in meters. 


COST, dollars per day 
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7.1. MINERAL PROCESSING--OPERATING COSTS 
7.1.6. SPECIAL APPLICATIONS 
7.1.6-2-2. BRINE RECOVERY 
MAGNESIUM (SEAWATER) 


The operating cost curves for a brine recovery system from seawater for the extrac- 
tion of magnesium consists of the seawater pumping system located on a pier. The 
total daily operating cost is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) having a feed rate (X), in liters of seawater per 
minute pumped to the extraction plant. The curves are valid for operations between 
3,500 and 91,400 L/min of brine solution, operating three shifts per day. 


BASE CURVE 


(L) Labor Operating Cost (Y;) = 0.082 (x)9- 615 
The operating labor costs consist of the following typical range of personnel: 


Direct LADO Ys oioo%elete.caleieis stakes 93% 
Maintenance labor.eccecccccee 7% 


The average base salary including burden for labor is as follows: 


Av salary 

per hour 

(base rate) 
Control room operatoOr..ec.ece 11% 17.23 
PUMP OPETAtOTr. ceccccevssccce 89% 16.78 


Direct labor costs average $16.83 per worker-hour (including burden and average 
shift differential). 


(S) Supply Operating Cost (Yg) = 0.026(x)0-921 
The supply cost consists of 100% electric power. 


(E) Equipment Operating Cost (Yg) = 0.029(x)0-464 
The equipment operation curve consists of 100% for repair parts and materials 
for the seawater pumps. 


ADJUSTMENT FACTOR 


Shift Factor The base curves are based on a three-shift-per-day operation. It is 
desirable to operate the seawater pumping system on a continuous basis to main- 
tain a steady feed to the subsequent processing circuits. No adjustment factor 
for a one- or two-shift-per-day operation is recommended. 
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7.1. MINERAL PROCESSING--OPERATING COSTS 
721.6. SPECIAL APPLICATIONS 


7.1.6.2.3. BRINE RECOVERY 
MAGNESIUM (WELLS) 


The operating cost curves for a brine recovery system from wells for the extraction 
of magnesium consists of the well field pumping system and storage facility at the 
chemical plant. The total daily operating cost for magnesium from wells is the sum 
of three separate cost curves (labor, supplies, and equipment operation) having a 
feed rate (X), in liters of brine solution per minute pumped from the well field to 
the chemical processing plant. The curves are valid for operations between 770 and 
7,000 L/min of brine solution, operating three shifts per day. 


BASE CURVE 


(L) Labor Operating Cost Gg ph 0.316 (x) 9-986 
The operating labor costs consist of the following typical range of personnel: 


DIreCl Labo. cseciets 6 che ois ciele 364 
Maintenance labor.cccceccccce 64% 


The average base salary including burden for labor is as follows: 
Av salary 
per hour 
(base rate) 


Pumpman—oOiler.cccccccccvcccce 1004 $16.78 


Direct labor costs average $16.78 per worker-hour (including burden and average 
shift differential). 


(S) Supply Operating Cost (Ys) = 0.729(x)9-979 
The supply cost consists of 100% electric power. 


(E) Equipment Operating Cost (Yg) = 0.223(x)9-969 


The equipment operation curve consists of 


Pumping system repair parts...cee. 85.7% 


GABO LENE ss < slsjcusrelaisiclel erste ats ste 5 siereieiate 6.9% 
Diesel, Lue lsc. cc cee eo 6 eels s seis eels 4.1% 
TUDE LCA CLON 6 s.c1e ie ielersisicle joie 6 cucletalcians 1.64 
PET ECE vicrs soiee 6.6. oleis cle etelsueiel sints a ctstatere 0.9% 


Mobile equipment repair parts.... 0.84% 
ADJUSTMENT FACTOR 
Well Depth Factor The curves are based on an average well depth of 1,400 m. To ad- 


just for a different well depth, multiply the supply and equipment operation 
costs obtained from the curves by the following factors: 


Supply factor (Fg) = 0.043(D)0-434 
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Equipment operation factor (FR) = 0.442(p)0-113 
where D = well depth, in meters. 


370 


COST, dollars per day 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
721.6. SPECIAL APPLICATIONS 


7.1.6.2-4. BRINE RECOVERY 
MAGNESIUM-POTASH (LAKES) 


The operating cost curves for a brine recovery system from lakes for the extraction 
of magnesium and potash consist of a brine pumping system, solar evaporation ponds, 
mobile and harvesting equipment. The total daily operating cost is the sum of three 
separate cost curves (labor, supplies, and equipment operation) having a feed rate 
(X), in billion liters of brine solution per year pumped from the lake to the to the 
solar evaporation ponds. The curves are valid for operations between 50 and 105 
billion L/yr of brine solution, operating three shifts per day. 


BASE CURVE 


(L) Labor Operating Cost (Yz) = 49.455(x)0-886 
The operating labor costs consist of the following typical range of personnel: 


Direct 18 DOT eis etele s/s si alele ie cla%e-s 83% 
Maintenance, Labor. ¢s<ceceere 17% 


The average base salary including burden for labor is as follows: 


Av salary 

per hour 

(base rate) 
PUMPMAN cc ccccvecccccccccccce 6% 16.78 
Equipment operator..cccocceee 634 16.78 
Scraper OperatOrecescecccces 23% 16.78 
Harvest control operator.... 8% 16.78 


Direct labor costs average $16.78 per worker-hour (including burden and average 
shift differential). 


(S) Supply Operating Cost (Yg) = 7.851(x)0-847 
The supply cost consists of 1004 electric power. 


(E) Equipment Operating Cost (YR) = 18.595 (x) 9-898 


The equipment operation curve consists of 


Diesel Cuelenccocscscccsvecescvcse 35.1% 
Mobile equipment repair parts.... 34.54 
Pumping system repair partsS....ee. 12.24 
TLIreScccccccccccccccccccccsccccce 7-84 
GaSOLline.cccccccccccccscccccccces 7.1% 
Lubricatione.cceccccccccccccccccccs 3.3% 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
721.6. SPECIAL APPLICATIONS 


7-1.6.2.5- BRINE RECOVERY 
POTASH (FLOODED MINE) 


The operating cost curves for a brine recovery system from a flooded mine for the 
extraction of potash consists of the brine pumping system, solar evaporation ponds, 
and mobile and harvesting equipment. The total daily operating cost is the sum of 
three separate cost curves (labor, supplies, and equipment operation) having a feed 
rate (X), in liters of brine solution per minute pumped from the flooded mine to the 
solar evaporation ponds. The curves are valid for operations between 3,200 and 
13,000 L/min, operating three shifts per day. 


BASE CURVE 


(L) Labor Operating Cost (Y;) = 4.349 (x) 0-638 
The operating labor costs consist of the following typical range of personnel: 


Direct LADO Tis ere caiatcleteetele 0.6 8s 842% 
Maintenance labor.ccccccccce 16% 


The average base salary including burden for labor is as follows: 


Av salary 

per hour 

(base rate) 
PONG OPCTratOres ccte v's cess e's 37% 16.78 
Scraper OperatOre evececccces 264 16.78 
LADOLET eclsc 6s ans tives occ eso vis 37% 11.68 


Direct labor costs average $15.20 per worker-hour (including burden and average 
shift differential). 


(S) Supply Operating Cost (Yg) = 0.134(x)0-948 
The supply cost consists of 100% electric power. 


(E) Equipment Operating Cost YR = 0.569(x)9-711 


The equipment operation curve consists of 


GaSOLine ses rscccsnccccccesscsvcsvce 28.8% 
Diesel fuel cccccccccccccccccccecs 21.8% 
Mobile equipment repair parts.... 17.3% 
TILES ds.c bole cn 02 eh ceccccceseisie poses 16. 84 
Pumping system repair parts...... 10.64 
Lubricdtlonecescocsscccrstvcevvees 4.7% 


ADJUSTMENT FACTOR 


Pumping Head Factor The curves are based on an average pumping head of 244 m. To 
adjust for a different pumping head, multiply the supply and equipment opera- 


tion costs obtained from the curves by the following factors: 
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Supply factor (Fg) = 0.106(H)9-408 


Equipment operation factor (FR) = 0.832(H)9-034 
where H = pumping head, in meters. 


COST, dollars per day 
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7.1. MINERAL PROCESSING--OPERATING COSTS 
7-1-6. SPECIAL APPLICATIONS 


7.1.6.3. CALCINATION (ROTARY KILN) 


This section covers the cost of calcining (or applying high heat to) limestone or 
other ores or materials, using appropriate adjustment factors. Common to all these 
applications is the use of a refractory-lined rotary kiln, with the heat flowing 
counter current to the flow of the product. No utilization of waste heat is con- 
sidered although the rotary-kiln treatment of certain materials is accompanied by 
waste-heat boilers or other energy-conserving equipment. 


The great majority of plants in the United States calcining limestone (CaC03) to 
lime (CaO) use coal, a major change from a decade ago, when natural gas or fuel oil 
were the predominant fuels. This section includes delivery of the material to the 
kiln and conveyance of the product from the kiln. Coal handling from railway cars 
through the coal mill is included, as well as dust collection from the kilns. 


Major equipment, in addition to the kiln, consists of conveyor belts, fans, dust- 
collecting equipment, coal-handling equipment, and controls. This section includes 
a subsection allowing the user to cost the storage and load-out of the product. 


The total daily operating cost is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) based on the calcined product output (X), in metric 
tons of material per day. The curves are valid for operations between 100 and 6,000 
mtpd, operating three shifts per day. The curves do not include crushing; the 

ratio of maximum-to-minimum size of the feed particles should not exceed 3:1 for 
mini- 

mally acceptable kiln operation and 2:1 for optimum kiln operation. For limestone, 
about 62% of feed to the kiln is recovered as product (lime), the balance being lost 
as dust or C09. 


A tabulation is provided that lists characteristics of materials which are commonly 
processed in a rotary kiln. Using the tabulation, adjustments can be made for ma- 
terials other than limestone. 


BASE CURVES 


(L) Labor Operating Cost (Yyz) = 48.580(x)0+567 
The operating labor costs consist of the following typical range of personnel: 


Small Large 
(100 to (750 to 
750 mtpd) 6,000 mtpd) 
DITECEVADOT « ce oo icie cl ciete tielatela 464 19% 


Maintenance labor. eoeceoeeeecee 54% 81% 


(S) 


(E) 
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The average base salary including burden for labor is as follows: 


Small Large Av salary 
(100 to (750 to per hour 
750 mtpd) 6,000 mtpd) (base rate) 
Ki InnODGLAtOT stecicha.e eis ase/e.d-oities Ohba 62% 15.89 
UELLLE Yee: ciniese.0 cinieis atexe\s eisfeie:e’e 17% 19% 14.56 
Coal handling <ccccccccsccce 9% 19% 14.56 


The average wage for labor is $15.66 per worker-hour (including burden and ave- 
rage shift differential). 


Supply Operating Cost (Ys) = 16.038(x)0-991 
Supplies costs consist of 84% bituminous coal and 16% electric power. 


Equipment Operating Cost (Yg) = 12.318(x)9-722 


Equipment operation consists of 93% for repair parts and 74 lubricants for 
kilns, coal mills, fans, conveyors, elevators, and other equipment. 


ADJUSTMENT FACTORS 


The cost of fuel (coal) is dependent on the price of the coal, freight rates, heat 
content, and heat rate required to calcine a particular ore or material. Heating 

values used in this section are 11,300 Btu heat content per pound of coal and 7.44 
million Btu heat requirement per metric ton of lime produced. Note that the heat 

requirement for calcining other ores or materials may vary considerably from this 

figure (see tabulation). 


Fuel Oil Adjustment Factor If fuel oil is used instead of coal, multiply the labor 


cost obtained from the curve by the following factor: 
Labor factor (Fy, oyz,) = 0-92 

multiply the fuel portion of the supply cost by the following factor: 
Supply factor (fuel) (Fg oyy,) = 4-6 


and multiply the electric power portion of the supply cost by the following 
factor: 


Supply factor (electric power) (Fg ozyz) = 0-71 


and multiply the equipment operation cost obtained from the curve by the fol- 
lowing factor: 


Equipment operation factor (Fp g7yz,) = 0-97 


Natural Gas Adjustment Factor If natural gas is used instead of coal multiply the 


labor cost obtained from the curve by the following factor: 
Labor factor (Fy gag) = 0-85 


multiply the fuel portion of the supply cost by the following factor: 
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Supply factor (fuel) (Fg gas) = 2-2 


and multiply the electric power portion of the supply cost by the following 
factor: 


Supply factor (electric power) (Fg gas) = 0-7 


and multiply the equipment operation cost obtained from the curve by the follow- 
ing factor: 


Equipment operation factor (Fg gas) = 0.95 


Heat Rate Factor When the heat rate for calcining a material is different than that 
for limestone (7.44 MMBtu/mt), multiply the fuel portion of the supply curve by 
the appropriate value from the fuel rate column of product, of the tabulation 
that follows. 


Length-to-Diameter Ratio Factor For length-to-diameter (L/D) ratios different than 
32, multiply the electric power portion of the supply curve by the following 
factor (see the length-diameter ratio), column of the following tabulation for 
ratios for various commodities): 


Supply factor (electric power) (Fg ,/p) = 0. 710(R)0- 098 
where R = length-to-diameter multiplier from the table. 


Specific Gravity Factor For specific gravities different than 1.18, multiply the 
electric power portion of the supply curve by the following factor (see the 
specific gravity column of the tabulation for SG values for various commodi- 
ties). 


Supply factor (electric power) (Fg sq) = 0.990(S)9-059 
where S = specific gravity multiplier from the table. 


Actual costs, unit prices, wages, and other values, if known, may be substituted for 
values given in the above descriptions. 
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STORAGE AND LOADOUT OF PRODUCT 


Should it be desired to store the product from the kiln and load it into either 
trucks or railroad cars, this section will supply costs for this operation. Includ- 
ed are conveyors, bucket elevators, vibrating-screen, crusher, and steel storage 
bins. The total daily operating cost is the sum of three separate cost equations 
(labor, supplies, and equipment operation) based on the product storage, load-out 
rate (X), in metric tons material per day. The curves are valid for operations be- 
tween 100 and 6,000 mtpd, operating three shifts per day. 


(L) Labor Operating Cost (Y;) = 29. 610(x)9-470 


The operating labor costs consist of the following typical range of personnel: 


Direct TADOLTs cles hex eo eee ce 32% 
Maintenance labor. ceccccccce 68% 


The average base salary including burden for labor is as follows: 


Av salary 

per hour 

(base rate) 
Conveyor OperatOrescsecccceee 1004 $14.56 


The average wage for labor is $14.81 per worker-hour (including burden and ave- 
rage shift differential). 


(S) Supply Operating Cost (Yg) = 1.450(x)0-685 
The supply cost consists of 1004 electric power. 


(E) Equipment Operating Cost (Y,) = 37.450(x)9-400 


The equipment operation curve consist of 934 for repair parts and 74 for lubri- 
cants for conveyors, elevators, screens, and the crusher. 


Rotary kiln calcination - Feed and product characteristics and cost factors 






Product and feed or reaction 






















Lime, magnesia: Dolomite. .ccccccccccccccccce 
Alumina: Aluminum hydroxide. .cccccccccccccce 
Light weight aggregate: Clay, shaleccccccece 
Fetroleum coke: Bum off volatiles....cccee. 
Clay: Byaporate H)0 and densifier.....e..ee~ 
Periclase: Brucite, magnesizZe cccccccccccccce 
Fhosphate: 

NOdUILI Ze c ccccvccceccescccevcccccosecsecccsss 
Calcine Ca003...ccccccccccccccccccccccccece 
Burm off carbonaceous material..cccccccccce 
Diatomaceous earth: Bum off car- 
Manganese oxide: Manganese carbonate..ecccces 


ltime value is from kiln manufacturer; others are averages from Ingineering and Mining Joumal, June 
1980, page 139. 
27 determine cost of coal burned to calcine a particular material, multiply the fuel portion of the 
ee curve by the appropriate multiplier. 
Averages for kiln: from Fngineering and Mining Journal, Jume 1980, page 139. 
4approximate average values (bulk form, i.e., including voids) of materials during processing in the 
kiln; values from various sources: KVS Handbook, Perry's Fngineering Manual, CRC Handbook. 


BG BRR BRBEBERS 


NOTE.—No sulfides are considered because: 1) sulfides are not usually roasted in a rotary kiln 
(multiple-hearth vertical fumaces are frequently used), 2) the varying amounts of sulfur (oxidation of 
which is exothemic) would mke fuel adjustment factors cumbersome, and 3) a flue gas scrubber (with lime 
addition) is probably necessary to meet environmental requirements (unless the S02 is used for acid 
manufacturing, which is not infrequently the case). 
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MINERAL PROCESSING--OPERATING COSTS 
6. SPECIAL APPLICATIONS 


6-4. CALCINING (DEADBURNED MAGNESIUM) 


operating cost curves for calcining are given on a metric tons of feed per day 


basis. The total daily operating cost is the sum of three separate cost curves 
(labor, supplies, and equipment operation) at the capacity rate (X), in metric tons 
of feed material to the kiln per day, The curves are valid for capacities between 
60 and 910 mtpd, operating on a continuous basis. 


(L) 


(S) 


(E) 


BASE CURVE 


Labor Operating Cost (Yz,) = 64.611(x)09-517 
The operating labor costs consist of the following typical range of personnel: 


Direct LADO. 6 c.clece acetate ciere oaks 69% 
Maintenance labor.ccccccccce 31% 


The average base salary including burden for labor is as follows: 


Av salary 

per hour 

(base rate) 
Control room operator...ecoe 51% 17.56 
Kiln helper cc cs cts ccc cles ofc c's ¢ 49% 13.99 


The average wage for labor is $16.19 per worker-hour (including burden and ave- 
rage shift differential). 


Supply Operating Cost (Ys) = 30.166(x)0-994 
The supply costs consist of 96.5% natural gas and 3.54 electric power. 


Equipment Operating Cost aig) te 11.528(x) 0-724 


The equipment operation curve consists of 100% for repair parts and materials. 


ADJUSTMENT FACTOR 


Shift Factor The base curve is premised on a three-shift-per-day operation. Based 


on industry practice, it is desirable to operate a calcining operation for dead- 
burned magnesium on a continuous basis. Therefore, no adjustment factor for the 
number of operating shifts is recommended. 
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7.1. MINERAL PROCESSING--OPERATING COSTS 
7-1-6. SPECIAL APPLICATIONS 


7+1.6-5- COMPACTION 


The operating costs for compaction are given on a metric ton per day of final pro- 
duct basis for the compaction of potash. The costs include the operation of compac- 
tors, impactors, screens, screw conveyors, belt conveyors, and bucket elevators. 

The total daily operating cost is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) based on the compaction rate (X), in metric tons of 
final compacted product per day. The curves are valid for operations between 220 
and 3,150 mtpd, operating three shifts per day. 


BASE CURVE 


The base curve is for the compaction of potash. The base curves assume that 504 of 
the compactor feed will report as final product. 


(L) Labor Operating Cost (Y,) = 3.831(x)09-715 
The operating labor costs consist of the following typical range of personnel: 


Direct VaDOT sc stecciste ee aicleies ls 764 
Maintenance labor..ccceccees 24% 


The average base salary including burden for labor is as follows: 


Av salary 

per hour 

(base rate) 
Compaction operator 1004 $16.78 


The average wage for labor is $16.78 per worker-hour (including burden and ave- 
rage shift differential). 


(S) Supply Operating Cost (Yg) = 0.977(x)0-990 
The supply cost consists of 100% electric power. 


(E) Equipment Operating Cost (YR) = 3.489(x)0-783 


The equipment operation curve consists of 100% for repair parts and materials. 
ADJUSTMENT FACTORS 


Compactor Feed Product Factor The dominant factor in compaction is the percent of 
compactor feed reports as final product. The base curve that is predicated on 
50% of the compactor feed reporting as final product. The normal range of this 
variable is 25% to 754 of the feed reporting as product. To adjust for varying 
quantities of product in the compactor feed, multiply the costs obtained from 
the curves by the following factors: 
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Labor factor (Yz,) = 1.020[ (50/pP) 9-721 


Supply factor (Ys) = 50/P 


Equipment operating factor (YR) = 0.992[ (50/P) 19-798 
where P = percent of feed reporting as product. 


Shift Factor The curve is based on a three-shift-per-day operation. Typically, 
compaction circuits must be run continuously. For a one- or two-shift opera- 
tion, decrease the operating costs proportionately. 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
7.1.6. SPECIAL APPLICATIONS 
7-1.6.6- CRYSTALLIZATION 
The operating cost curves for a potash crystallization circuit include its operation 
and maintenance of the crystallization circuit. The total daily operating cost is 
the sum of three separate cost curves (labor, supplies, and equipment operation) 
based on the production rate (X), in metric tons of crystallized product per day. 
The curves are valid for operations between 50 and 4,350 mtpd, operating three 


shifts per day. 


BASE CURVE 


(L) Labor Operating Cost (Yz) = 21.076(x)9-549 


The operating labor costs consist of the following typical range of personnel: 


Direct labore s ces e's we veeccoe 52% 
Maintenance labor.ccccccccce 482 


The average base wages including burden for labor are as follows: 


Av salary 

per hour 

(base rate) 
Control room operatoOr.eccecece 33% 17.56 
Crystallizer operator....... 604 16.78 
LabOre re cevcovcccetsccecscccees 7% 13.86 


The average wage for labor is $16.95 per worker-hour (including burden and ave- 
rage shift differential). 


(S) Supply Operating Cost (Ys) = 5.317(x)0-990 
The supply cost consists of 80.1% natural gas, 19.3% electric power, and 0.64 


flocculant. 


(E) Equipment Operation Cost (Yg) = 4.492(x)0-678 


The equipment operation curve consists of 100% for repair parts and materials. 
The curve includes an allowance for the replacement of items such as motors, 
pumps parts, bearings, piping, and parts associated with the crystallization 
circuit. 





ADJUSTMENT FACTORS 


Shift Factor The base curves are based on a three-shift-per-day operation. It is 
desirable to operate a crystallization circuit on a continuous basis. There- 
fore, no adjustment factor for the number of shifts is recommended for crystal- 
lization. 


Leaching Factor The base curves are premised on feed sources from effluents, bag- 
houses, and dust collectors to the crystallization circuit for the recovery of 
crystallized potash. To adjust for the leaching of tailings or ore (no dis- 
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solving tanks), multiply the costs obtained from the curves by the following 
factors: 


Labor factor (Fy) = 1.24 
Supply factor (Fg) = 2.02 


Equipment operation factor (Fp) = 1.25 
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7.1. MINERAL PROCESSING--OPERATING COSTS 
721.6. SPECIAL APPLICATIONS 


7-1.6.7. FRASCH PROCESS 


The operating cost curves for Frasch process include the production of molten sulfur 
from underground deposits through the loading facility for transpor- tation in rail- 
cars or trucks to the consumer. Major equipment items operated include the sulfur 
wells, hot water process softeners, air compressors, mine water heaters, reagent 
handling system, sulfur relay stations, sulfur loading facilities, and pumps. The 
total daily operating cost is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) based on an adjusted feed rate (X), in metric tons 
of sulfur per day. The curves are valid for operations between 1,150 and 7,900 
mtpd, operating three shifts per day. 


BASE CURVES 


(L) Labor Operating Cost  (Yz) = 175.888(x)9-585 
The operating labor costs consist of the following typical range of personnel: 


Direct LabOTesccctetciete cle ec cctere 71% 
Maintenance labor.eccccccccece 29% 


The operating labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
Control room operatOreececeece 11% $17.23 
Operator Accccccsccccesecese 4% 16.78 
Operator Becececcccccsccccse 104% 13.66 
Equipment operator. cecccccee 64% 16.78 
Truck driver..«cscccovssece ss 112% 16.78 
Drillers sce ccvcseedee viciesee LUA 16.78 
Drillers Bie. css cies sisteceie oclere 17% 13.66 
Utility operator. .cccccccces 24% 14.56 
Technictan. sccccccccccccccecs 7% 15.44 


The average mine labor cost per worker-hour is $15.78 (including burden and ave- 
rage shift differential). 


(S) Supply Operating Cost (Yg) = 31.934(x)0-991 
The supply cost consists of 85.4% natural gas, 7.4% electric power, 4.3% water, 


2.4% fuel, and 0.54 reagents. 


(E) Equipment Operating Cost (Yg) = 4.918(x)9-997 


The equipment operation curve consists of 80.8% for the replacement of produc- 
tion wells and 19.24 for repair parts and materials. 
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ADJUSTMENT FACTORS 


Water-Sulfur Ratio Factor The base curve is based on a water-sulfur ratio of 3,000 
gal of water per metric ton of sulfur produced. To adjust the base curve for 
other ratios, multiply the supply and equipment operation costs obtained from 
the curves by the following factors: 


Supply factor (Fs) = 0.0003(R)+0.030 


Equipment operating factor (Fp) = 0.00002(R)+0.932 
where R = water/sulfur ratio, in gallons of water per metric ton of 


sulfur produced. 


Water Quality Factor The base curves are based on a raw water quality as total 
hardness of 100 mg of CaC0O3 per milliliter. To adjust the base curves for 
other water qualities, multiply the supply and equipment operation costs obtain- 


ed from the curves by the following factors: 
Supply factor (Fg) = 0.00007 (W)+0.994 


Equipment operating factor (Fp) = 0-00001(W)+0.999 
where W = water quality as total hardness of CaC03 per milliliter. 


Bleeder Well Factor The base curves did not consider the use of bleeder wells. To 
adjust for the utilization of bleeder wells, multiply the supply and equipment 
operation costs obtained from the curves by the following factors: 


Supply factor (Fg) = 0.58 
Equipment operating factor (FR) = 1.35 


The operating supplies curve for the bleeder well adjustment factor consists of 
71.3% for natural gas, 14.24 for electric power, 4.1% for fuel, 2.2% for water, 
and 8.2% for reagents. The equipment operation curve for the bleeder well ad- 
justment factor consists of 22.8% for repair parts and materials, 59.64 for the 
replacement of production wells, and 17.6% for the replacement of bleeder wells. 


Seawater Factor The base curves did not consider the use of seawater instead of raw 
water. To adjust for the utilization of seawater, multiply the supply and 
equipment operation costs obtained from the curves by the following factors: 


Supply factor (Fg) = 0.8 
Equipment operating factor (Fp) = 1.1 


The operating supplies curve for the seawater adjustment factor consists of 
80.8% or natural gas, 9.3% for electric power, 2.9% for fuel, and 7.04 for rea- 
gents. The equipment operation curve for the seawater adjustment factor con- 
sists of 26.4% for repair parts and materials and 73.64 for replacement of pro- 


duction wells. 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
721.6. SPECIAL APPLICATIONS 


7.1.6.8. HANDSORTING 


This section provides costs for the removal from run-of-mine ore of selected grades 
of material by hand. The substances removed may be valueless gangue, waste rock not 
worth processing, or unusually rich ore. Any costs associated with moving the mat- 
erial to the sorting surface are not included in this section. Ore may be coming 
from another process section or from the mining operation. It is assumed that the 
ore will be delivered on a belt conveyor; if a different method is used, costs 
should be adjusted. Costs in this section include moving the material past the 
pickers and sorting the material into bins or piles by hand. Costs obtained from 
this section should not be applied to gemstones. 


The total daily operating cost is the sum of three separate cost curves (labor, sup- 
ply, and equipment operation) based on the feed rate to the picking belt (X), in 
metric tons of material per day. The curves are valid for operations between 40 and 
2,000 mtpd, operating one shift per day. 


BASE CURVE 


(L) Labor Operating Cost n= 9.249 (x) 0-983 
Using local labor rates and a range of 0.049 to 4.5 mt of selected material 
picked per hour, a daily labor rate can be determined. The labor curve is based 
on an average of 1 mt of selected material picked per hour, selected material 


equalling 10% of total feed. 
The operating labor costs consist of the following typical range of personnel: 


Direct LDC Berevaverstoceveberedtetile 6c 99% 
Maintenance laborss sss sss << 12 


The average base salary including burden for labor is as follows: 


Av salary 

per hour 

(base rate) 
Hard) DLCKETS s+ «cies bs oe 00s o's se 1004 $13.66 


The average wage for labor is $13.66 per worker-hour (including burden and ave- 
rage shift differential). 


(S) Supply Operating Cost (Yg) = 0.002(x)1-268 
The supply cost consists of 1004 electric power. 


(E) Equipment Operating Cost (Yg) = 0.093(x)9-916 


Equipment operating costs are dependent on the type of sorting surface used. 
Surfaces used could include sorting floors, tables, fixed chutes and grizzlies, 
belt conveyors, pan conveyors, revolving tables or shaking surfaces. Equipment 
operating costs would range from insignificant for a sorting floor to $77.97 per 


day for a 42-in by 110-ft (106.7-cm by 33.5-m) belt conveyor operating 8 h/d. 
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The equipment operation curve covers the daily operation cost for belt conveyors 
and consists of 94% for repair parts and 64 for lubricants. 


Costs for water needed to wash the material before sorting is included in the 
water supply section. 


ADJUSTMENT FACTOR 


Labor Factor To calculate the labor cost for different conditions, use the follow- 
ing formula: 


Labor cost per day = [(W)(X)(G)]/R 


where W = local labor rate, in dollars per hour, 
X = total feed to the picking belt, in metric tons per day, 
G = percent picked, expressed as a decimal, 
and R = amount of selected material picked per laborer, in metric 


tons per hour. 


The following Table gives three typical rates of handsorting for gold-silver 
operations: 


Typical handsorting rates for gold-silver operations 


Metric tons picked Total 
per laborer hour feed picked 
(R) (G) 
1.4 | 15% 
0.15-0.23 104% 


0.68 1.754-2 0254 


COST, dollars per day 


100,000 


10,000 


1,000 


100 


0.1 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
7-1-6. SPECIAL APPLICATIONS 


7-1.6-9. LIME SLAKING 


The operating cost curves for lime slaking are given on a per shift basis rather 
than a cost per day basis. The costs include the operation of the lime loop pumps. 
The total daily operating cost is the sum of three separate cost curves (labor, sup- 
ply, and equipment operation) based on the feed rate (X), in metric tons of lime per 
shift. The curves are valid for operations between 20 and 125 mt/sh, operating one 
shift per day. 


BASE CURVE 


(L) Labor Operating Cost (Yz,) = 11.474(x)0-416 
The operating labor costs consist of the following typical range of personnel: 


Direct MabOTe + seiclec ceetece clerece 97% 
Maintenance labor. ccceccccce 3% 


The average base salary including burden for labor is as follows: 


Av salary 

per hour 

(base rate) 
Mill suboperator...ccccceeee 1004 $14.56 


The average wage for labor is $14.63 per worker-hour (including burden and ave- 
rage shift differential). 


(S) Supply Operating Cost (Yg) = 2.446(x)9-665 
The supply cost consists of 100% electric power. Grinding media consumption in 
the slaking mill is negligible and is not included in the supply operating cost. 


(E) Equipment Operation Cost (YR) = 0.144(x)9-635 


The equipment operation curve consists of 100% for repair parts and materials. 
The curve includes an allowance for the replacement of pump parts. 


ADJUSTMENT FACTOR 
Shift Factor The curve is based on a one-shift-per-day operation. Typically, lime 


slaking circuits are operated primarily on day shift only. For a two- or three- 
shift operation, increase the operating costs proportionately. 


COST, dollars per day 
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— 
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7.1. MINERAL PROCESSING--OPERATING COSTS 
7-1-6. SPECIAL APPLICATIONS 


7-1.6.10.1. MERCURY APPLICATIONS 
MERCURY CONDENSERS 


The operating cost curves for mercury condensers are given on a per day basis. The 
total daily operating cost is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) having a capacity rate (X), in metric tons of feed 
material to the furnace per day. The curves are valid for operations between 0.15 
and 115 mtpd. The mercury condenser is normally operated on a one-batch-per- 

day cycle for small operations. For large operations, it is assumed to be on a con- 
tinuous basis. 


BASE CURVE 


(L) Labor Operating Cost (Y;) = 15. 585(x) 0-350 
The operating labor costs consist of the following typical range of personnel: 


Small Large 

(0.15 to (7 to 

7_mtpd) 115 mtpd) 
DITGCED1ADO Fac cteicists elcle sas e)e 1004 464 
Maintenance labor...cceccecee 0% 54% 


The average base salary including burden for labor is as follows: 


Small Av salary Large Av salary 
(0.15 to per hour (7 to per hour 
7 mtpd) (base rate) 115 mtpd) (base rate) 


Mill operator..ccssceces 100% $16.78 1004 $17.11 


The average wage for labor is $16.95 per worker-hour (including burden and ave- 
rage shift differential). 


(S) Supply Operation Cost (Yg) = 4.158 (x)9+458 
The supply cost consists of 100% electric power. 


(E) Equipment Operating Cost (Yg) = 27.913(x)0-442 


The equipment operation curve consists of 100% for repair parts and materials. 
For the large operations 88%, of the repair parts and materials costs are for the 
replacement of condenser tubes, return hoppers, and bends and 12% for miscellan- 
eous items. 


COST, dollars per day 


1,000 


100 


— 
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MINERAL PROCESSING--OPERATING COSTS 
6. SPECIAL APPLICATIONS 


6.10.2. MERCURY APPLICATIONS 
MERCURY RETORTS 


operating cost curves for mercury retorts are given on a per day basis. The 


total daily operating cost is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) based on the feed rate (X), in kilograms feed per 


day. 


The curves are valid for operations between 40 and 1,100 kg/d, operating on a 


one-batch-per-day cycle. 


(L) 


(S) 


(E) 


BASE CURVE 


Labor Operating Cost (Y;) = 0. 713(x)9-630 
The operating labor costs consist of the following typical range of personnel: 


Direct LAabDOTs.c.0 biclscle ce clcte.erere 100% 
Maintenance labor.ccccccccce 0% 


The average base salary including burden for labor is as follows: 


Av salary 

per hour 

(base rate) 
Milivoperator. ope ces cies sche lOU. 16.78 


The average wage for labor is $16.78 per worker-hour (including burden and ave- 
rage shift differential). 


Supply Operating Cost (Ys) = 0.035(x)1:295 
The supply cost consists of 100% electric power. 


Equipment Operating Cost (Yp) = 0.001(x)1-570 


The equipment operation curve consists of 100% for repair parts and materials. 
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7.1. MINERAL PROCESSING--OPERATING COSTS 
7-1.6- SPECIAL APPLICATIONS 
7-1.6.11. PELLETIZING 
The operating cost curves for pelletizing are given on a metric ton per day basis. 
The total daily operating cost is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) based on the capacity rate (X), in metric tons of 
pellet production per day. The curves are valid for operations between 6,400 and 
28,000 mtpd, operating three shifts per day. 

BASE CURVES 


(L) Labor Operating Cost (Yyz) = 9.133(x)0-719 
The operating labor costs consist of the following typical range of personnel: 


Direct LabO Te ciciecs 6 cleo ete 47% 
Maintenance labor. -eceee 53% 


The average base salary including burden for labor is as follows: 


Av salary 

per hour 

(base rate) 
Control room operatoOr.cecece 4% 17.56 
Pelletizing operator..ccecoce 154 17.11 
Pelletizing suboperator..... 9% 14.56 
Pelletizing helper....cccoee 7% 11.68 
LADOrGL. cscice s cle cle cas ce see ce 12% 11.68 
Mechanl Cewes se siclts ee se cee 53% 16.78 


The average wage for labor is $15.69 per worker-hour (including burden and aver- 
age shift differential). 


(S) Supply Operating Cost (Yg) = 7.701(x)9-909 
The supply costs consist of 58.64 natural gas, 29.9% electric power, and 11.5% 
bentonite. 


(E) Equipment Operating Cost (Yg) = 0.356(x)0-916 


The equipment operation curve consists of 100% for repair parts and materials. 
ADJUSTMENT FACTOR 


Shift Factor The base curves are based on a three-shift-per-day operation. The 
pelletizing plant must be operated on a continuous basis to maintain a steady 
rate of feed to the indurating furnace. No adjustment factor for a one- or two- 
shift operation is recommended for pelletizing. 


COST, dollars per day 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
7-1-6. SPECIAL APPLICATIONS 


721.6-12.1. WASHING AND SCREENING 


This operation covers the cost of washing and screening loosely consolidated ores 
such as barite. Costs include the use of trommel screens, log washers, vibrating 
screens, water guns, and pumps. Washing separates the gangue from the ore, and 
screening separates the ore into two or more sizes. fThe sized ore is then usually 
processed further by various means. Washing is usually the first step as the ore 
enters the processing plant. Screening may be combined with crushing and grinding 
in various combinations, depending on plant design, or may be a completely indepen- 
dent operation. 


The total daily operating cost is the sum of three separate cost curves (labor, sup- 
plies, and equipment operations) based on the feed rate (X), in metric tons material 
per day. The curves are valid for operations between 100 and 30,000 mtpd, operating 
two shifts per day. The curves include all daily operating and maintenance costs 
associated with washing and screening. 


BASE CURVE 


(L) Labor Operating Cost (Yz,) = 130.175(x)0-150 
The operating labor costs consist of the following typical range of personnel: 


Direct LabOY snicrsiicns Coe 71% 
Maintenance labor.ceccccccecce 29% 


The average base salary including burden for labor is as follows: 


Small Large Av salary 
(100 to (2,000 to per hour 

2,000 mtpd) 30,000 mtpd) (base rate) 
Water-gun operatOresceesecess 93% - $13.66 
FlOOr WALKET sicie a'piciele ss cele eels 7% 1004 15.89 


The average wage for labor is $15.48 per worker-hour (including burden and aver- 
age shift differential). 


(S) Supply Operating Cost (Yg) = 2.063(x)0-465 
The supply cost consists of 100% electric power. 


(E) Equipment Operating Cost (Yp) = 1.544(x)0-604 


The equipment operating costs consist of 93% for repair parts and 7% for lubri- 
cants. The equipment operation curve covers the daily operating cost for all 
trommel screens, log washers, vibrating screens, water guns, and pumps, and in- 
cludes allowances for replacement and maintenance of log caps, wear plates, and 
trommel linings. 
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7.1. MINERAL PROCESSING--OPERATING COSTS 
721.6. SPECIAL APPLICATIONS 


7-1.6.12.2. WASHING AND SCREENING 
PHOSPHATE 


This operation covers the cost of washing and screening (including ore feed prepara- 
tion for flotation) of loosely consolidated phosphate ores. Costs include the use 
of trommel screens, hammermills, log washers, flume and vibrating screens, classi- 
fiers, and cyclones. Washing and screening separates the minus 1.9l-cm (0.75-in), 
plus 14- or 16-mesh phosphate material (called pebble concentrate) from the finer 
material. The finer material containing phosphate is then processed in the feed 
preparation circuit where the clay fraction is removed from the plus 150-mesh mater- 
ial consisting of phosphate and silica sands. This plus 150-mesh material goes to 
the flotation circuit. 


The total daily cost is the sum of three separate cost curves (labor, supplies, and 
equipment operation) having a feed rate (X), in metric tons material per day. The 
curves are valid for operations between 5,000 and 70,000 mtpd, operating three 
shifts per day. The curves include all daily operating and maintenance costs asso- 
ciated with washing and screening (including feed preparation for flotation). 


BASE CURVE 


(L) Labor Operating Cost (YL) = 0.0547(X)+1,570.000 
The operating labor costs consist of the following typical range of personnel: 


Small Large 

(5,000 to (22,000 to 

22,000 mtpd) 70,000 mtpd) 
DITECELlapo res ote iccc es clelctsie's © 564 454 
Maintenance labor..ccccccooe 44% 55% 


The average base salary including burden for labor is as follows: 


Small Large Av salary 
(5,000 to (22,000 to per hour 
22,000 mtpd) 70,000 mtpd) (base rate) 
Washer/feed prep operator... 614 37% $15.89 
LADOLET <'e1ec/o10 o1s)scleleisle o's o's ciele 39% 634 14.12 


The average wage for labor is $15.20 per worker-hour (including burden and aver- 
age shift differential). 


(S) Supply Operating Cost (YS) = 0.00189(x)1-487 
The supply cost consists of 100% electric power. 


(E) Equipment Operating Cost (YE) = 1, 304.820e9+ 0000284 (x) 
The equipment operation curve consists of 94% for repair parts and 6% for lubri- 
cants. The curve covers the daily operating cost for all screens, cyclones, and 
pumps, and for pipe replacement. 
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ADJUSTMENT FACTOR 


Polyurethane Liner Factor If polyurethane liners for screens, pumps, cyclones, and 
other equipment within the washing and screening circuit are utilized to reduce 
excessive abrasion by the ore, multiply the cost obtained from the maintenance 
portion of the labor curve by the following factor: 


Labor factor (Fy) = 0.75 


The equipment operations curve is not affected because the increased cost of 
polyurethane liners offsets the cost saved by increased wear life. 


COST, dollars per day 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
7-1-7. TRANSPORTATION 


7-1.7.3.- LONG-DISTANCE BARGE HAULAGE 


Shipping large tonnage commodities by barge can be an effective method of transpor- 
tation if access points are available and high speed is not important. It is even 
possible to ship mineral materials a short distance by rail and then transfer the 
material to barge and still save money over rail haulage alone. 


With the deregulation of the barge industry, there has been an increase in competi- 
tion and a decrease in the number of operators. Those companies still operating 
have found themselves overequipped for the amount of material that is presently 
being hauled. 


As of January 1984, typical costs for transportation of bulk cargoes have been be- 
tween $0.0027 and $0.0030 per metric ton kilometer, with the average cost being near 
$0.0028 per metric ton kilometer. 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
7-1-7. TRANSPORTATION 


7-1.7.4. LONG-DISTANCE RAIL HAULAGE 


The following tabulation gives the average cost, in cents per metric ton-kilometer, 
for shipping mineral materials from the Mountain-Pacific territorial area (includ- 
ing Denver, CO), to any of the five territorial areas within the continental United 
States. This information is valid as of January 1984. 


AVERAGE SHIPPING COSTS FOR MINERAL MATERIALS, cents per metric ton-kilometer 


Material shipped from Area destination 
Pacific western average 

Me tad] Leworesca% sicceristsie’s cleleieste -04¢ 2.87€ NA NA 2.33 
Tron concent rateseccccccccccce 04¢ NA NA NA 1.47 


Copper precipitates. .ccccccece NA NA 3.01 
Bauxite OTCcecceeccecceececseececceveces NA NA 2.67 


be 
1. 





Alumina calcine.ccccccccccccee NA 2.66 
Nonmetallic minerals~+....ecooe 2-68 
CrushedPstone'ss. cece cscs cs ces NA 4.11 
Sand or gravel .cccccccccccccces NA 2-74 
Industrial sandvs..cs ssc cee NA 2-54 
Refractorlesecvecccsvscccescsscs NA 1.85 
Clay minerals.ccccccccccccccecs NA 2.37 
Fertilizer minerals....ccceeee 2-09 
Borate, Crudecs vcle s civ'e ccle'e e'crs’s NA 2.67 
SULLLEUT cies « e'elelvinis oleic cle icles crelete ts 2-34 
Gypsum Crude. occ sce sicclcc cu sists c NA 3.30 
Diatomaceous earth. cccccccccce Dees 
Nonmetallic minerals n.e.c.2.. 1.63 
COA Vis elelclelere ote ele a sie ctetevets etereloteis'¢ 1.26 


“Estimated. NA Not available. 

Most nonmetallic ores, except fuels. 

2 Includes agate, crude chalk, lithium, earth or soil, coral, rubidiun, 
graphite, sericite, nepheline syenite, shale, well drilling cores, crude topaz, 
vermiculite-unexpanded, slag, perlite, cornwall, crystal quartz rock, quartzite, 
silaceous fluxing ore, silica rock, and zeolites. 


Source: 1983 Carload Waybill Sample data collected by Dep. of Transportation, 
Federal Railroad Administration, Office of Conrail. 
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For example, copper precipitates traditionally are never shipped out of the Moun- 
tain-Pacific area. 


To determine the total cost of transporting a specific mineral material, first 
select the appropriate cost from the tabulation, then multiply that value by the 
distance, in kilometers, the material is to be shipped, and also by the metric ton- 
nage to be shipped. Finally, divide the answer by 100 to get a value in dollars. 


Example: The cost for shipping 100,000 mt of fertilizer minerals from Denver, CO, 
to a point in the Southern Area, 2,500 km away, is 


[ (2.05¢/mt *km)X(100, 000mt )X(2,500km)/(100¢/$) = $5,125,000 
The following map shows the boundaries for the different territorial areas. 


To estimate the cost for shipping mineral materials from one point to another, irre- 
spective of territorial zones, use the following equation: 


Y = [15.359(D)~0+275) /100 
where D = distance the material is to be shipped, in kilometers, 
and Y = cost, in cents per metric ton kilometer. 


The resultant answer must be multiplied by the tonnage and the distance it is to 
be hauled to get a total cost in dollars. 





413 
7-1. MINERAL PROCESSING--OPERATING COSTS 
721.7. TRANSPORTATION 


7e1.7-5- LONG-DISTANCE SURFACE CONVEYOR 


These curves cover the cost of transporting material from the mine via a single- 
flight conveyor belt reinforced with high-strength steel and cover a capacity range 
of 15,000 to 150,000 mtpd. The material is conveyed up a 10° slope for a distance 
of 1 Km. The conveyor availability is 94%. Usually, the material is crushed or 
screened at the mine site before being conveyed. Screen and crusher costs are not 
included in this cost but are covered in separate sections. 


The total daily cost is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on a production rate (X), in metric tons material trans- 
ported per day. The curves are valid for operations between 15,000 and 150,000 
mtpd, operating three shifts per day. The curves include all daily operating and 
maintenance costs associated with the conveyor operation. 


BASE CURVE 


(L) Labor Operating Cost OGRE 7.429 (x)0-464 
The operating labor costs are distributed as follows: 


Small Large 
(15 to (50,000 to 
50,000 mtpd) 150,000 mtpd) 
DITECE LabOT. sic cctieces es sic ces 714% 47% 
Maintenance labore cececccces 29% 53% 


The direct labor costs consist of the following typical range of personnel: 


Small Large Av salary 
(15 to (50,000 to per hour 

50,000 mtpd) 150,000 mtpd) (base rate) 
Operatoreccccccccvccccsececs 644 544 $16.25 
Assistant operatore ceccccecce 364 464% 13.97 


The average wage for labor is $15.32 per worker-hour (including burden and aver- 
age shift differential). 


(S) Supply Operating Cost (Yg) = 0.068 (x)9-933 
The supply cost consists of 100% electric power. 


(E) Equipment Operating Cost (Ypg) = 2.226 (x)0-358 


The equipment operating cost consists of 954 for repair parts and 5% for lubri- 
cation for the idlers and mechanical parts. 


ADJUSTMENT FACTOR 


Length and Slope Factor To determine costs for varying conveyor lengths and slopes, 
multiply the costs obtained from the curves by the following factors: 
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Labor factor (Fy) = 0.815+0.190(L) 
Supply factor (Fg) = [0.208+0.0794(S)][L] 
Equipment operation factor (FR) = L 
where L = length of conveyor, in kilometers, 


and S = slope of conveyor, in degrees (S is between 0° and 15°). 


The cost for a decline conveyor is equal to that for a horizontal conveyor (0° 
slope). 





COST, dollars per day 
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7.1. MINERAL PROCESSING--OPERATING COSTS 
7e1.7. TRANSPORTATION 


7.1.7.6. LONG-DISTANCE TRUCK HAULAGE 


The trucking industry has undergone intensive change since its recent deregulation. 
Truck transportation of mineral materials has shifted predominantly away from the 
class rate system to the bulk commodity method. This has corresponded with a de- 
crease in the number of carriers and an increase in competition. Each carrier now 
determines his or her own rate and tariff schedules. 


Truck transportation costs as shown here cover the transportation of mineral mater- 
ials by 23 mt rear-dump trucks. The area covered includes the western contiguous 
United States. 


BASE CURVE 
The base curve determines costs for the transportation of each metric ton of mineral 
materials via county-and State-maintained roads with less than or equal to 34 
grades. The curves are based on the one way distance (X), in kilometers the mater- 
ial is hauled. The curves are valid for operations between 20 and 200 Km. 


(T) Truck transportation (Yq 0%-3% GRADE) = 0-227(x)0-715 


Costs determined using this curve must be multiplied by the total tonnage to be 
hauled to obtain the final cost. 


When the average grade of road is greater than 3%, but less than 64, a tariff 
factor is included with the base curve equation. 


(T) Truck transportation (Yp 37-6% GRADE) = 0-180(x)9+909 


Costs determined using this curve must be multiplied by the total tonnage to be 
hauled to obtain the final cost. 


When the average road grade is equal to or greater than 64, a different tariff fac- 
tor will have to be included with the base curve equation, modifying it to: 


(T) Truck transportation (Yq 46% GRADE) = 0-179(x)0-963 


Costs determined using this curve must be multiplied by the total tonnage to be 
hauled to obtain the final cost. 


ADJUSTMENT FACTORS 
Long-Term Contract The final values arrived at through multiplying the tonnage by 
any of the three curves can be reduced by 104 to 20% if long-term hauling con- 


tracts are to be used. 


Tonnage If trucks with carrying capacities greater or less than 23 mt are used, the 
cost per metric ton should be modified accordingly. 


COST, dollars per metric ton 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
7-1-7. TRANSPORTATION 


721.77. MARINE TERMINAL 


Costs derived from these curves apply to the operation of a deep-water, export bulk 
ore marine terminal. Operation cost does not reflect actual terminal charges, but 
actual costs for railcar or barge receiving, open storage (approximately 10% of the 
annual throughput), reclaiming, and shiploading. 


The total daily cost is the sum of the three separate cost curves (labor, supplies, 
and equipment operation) based on the terminal facility capacity (X), in millions of 
metric tons of material per year. The curves are valid for capacities between 0.9 
and 16.0 million mt, operating three shifts per day. 


BASE CURVES 


(L) Labor Operating Cost (Y ;) = 161.474(x)1-558 
The operating labor costs are distributed as follows: 


Direct Va borisis écorelorets ieieroiexs eles 604% 
Maintenance laboOrecccccccces 404 


The average wage for labor is $15.78 per worker-hour (including burden and aver- 
age shift differential). 


(S) Supply Operating Cost (Yg) = 4.792(x)2-301 
The supply curve consists of 504 electric power and 50% fuel. 


(E) Equipment Operating Cost (Yg) = 178.148(x)1-195 


The equipment operating cost consists of 100% for maintenance repair parts and 
materials. 


ADJUSTMENT FACTOR 


Density (Loose) Factor Lightweight commodities occupy more space and thus require 
larger handling equipment than more dense commodities. Therefore, an adjustment 
is required to lower the capital cost for a terminal designed to handle more 
dense (higher loose density) commodities and to increase the capital cost of a 
terminal designed to handle commodities of less loose density. To adjust the 
base curve for differences in weight per unit volume, multiply the costs ob- 
tained from the curves by the following factor: 


Density factor (Yp) = 3.418(D)~0-167 
where D = loose density, in kilograms per cubic meter. 


An estimate of loose density can be made from table A-2 in the appendix. 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
7e1l.-7. TRANSPORTATION 


7.1.7.8. SLURRY PIPELINE 


The operating cost curves for slurry pipeline cover the cost of transporting a 
slurry. The base curves are based on a slurry pipeline of 10 Km in length with a 
lift of 150 m pumping solids at specific gravity of 4.3. The total daily cost is 
the sum of the three separate cost curves (labor, supplies, and equipment 
operation) at an adjusted feed rate (X), in metric tons material transported per 
day. The curves are valid for operations between 900 and 32,000 mt, operating 
three shifts per day. 


BASE CURVE 


(L) Labor Operating Cost (Yz,) = 13.940(x)9-445 


The operating labor costs are distributed as follows: 


Direct TabDOTe ccracie.¢.slecielee sere 31% 
Maintenance laboOrececcccccce 69% 


The direct labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
Control room operatoOre.eecoee 64 17.23 
Mil Wroperator v'cic ie vlc cre e's'o.6 6" 49% 16.78 
Mill helper.cecccccccccccccee L1L5h 13.66 
MilIMlaborerss'c<cciccoccasoes 30% 11.68 


The average wage for labor is $15.11 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 4.259(x)0-676 
The supply cost consists of 89% electric power and 11% lime. 


(E) Equipment Operating Cost (Ys) = 3.652(x)9-458 


The equipment operating cost consist of 1004 for repair parts and materials. 
ADJUSTMENT FACTORS 


Slurry Pipeline Lift Factor The base curve was calculated for a slurry pipeline 
with a lift of 150 m. To adjust for different slurry pipeline lifts, multiply 
the supply and equipment operation costs obtained from the curves by the follow- 
ing factors: 


Supply factor (Fs) = 0.00163(L)+0.755 


Equipment operation factor (FR) = 0.00104(L)+0.844 
where L = lift, in meters. 
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Slurry Pipeline Length Factor The base curve was calculated for a slurry pipeline 


of 10 km in length. To adjust for different slurry pipeline lengths, multiply 
the costs obtained from the curves by the following factors: 


Labor factor (Fy) = 0.0026(P)+0.974 
Supply factor (Fs) = 0.0172(P)+0.828 


Equipment operation factor (FR) = 0.011(P)+0.890 
where P = length of pipeline, in kilometers. 


An estimate of average pipeline lengths can be made from table A-3 in the 
appendix. 


Specific Gravity Factor The base curve was calculated for a slurry pipeline pumping 
solids with a specific gravity of 4.3. To adjust the base curve for a different 
specific gravity, multiply the supply and equipment operation costs obtained 
from the curves by the following factors: 


Supply factor (Fs) = 0.0681(S)+0.707 


Equipment operation factor (FR) = 0.074(S)+0.683 
where S = specific gravity of the solids. 


An estimate of average specific gravities can be made from table A-3 in the 
appendix. 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
7-1-8. GENERAL OPERATIONS 


7-1.8.2. COMPRESSED AIR FACILITIES 


These curves cover the use of compressed air in mineral processing plants. Low- 
pressure air is used in flotation, and high-pressure air is used for controls and 
general use. 


The total daily operating cost is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) based on the capacity (X), in metric tons processing 
plant feed per day. The curves are valid for operations between 100 and 100,000 
mtpd, operating three shifts per day. fThe curves include all daily operating and 
maintenance costs associated with producing compressed air. 


BASE CURVE 


(L) Labor Operating Cost (Y;) = 6.093 (xX)0-284 
The air compressor has no operator assigned to it. 


The operating labor costs consist of the following typical range of personnel: 


Directs LaboOts «sas 6 «sects c co-ee 0% 
Maintenance labor.ccccccccce 1002 


The average base salary including burden for labor is as follows: 


Av salary 

per hour 

(base rate) 
MechenlCeeccccsclececciesc cca 9 100K 17.11 


The average wage for labor is $17.11 per worker-hour (including burden and aver- 
age shift differential). 


(S) Supply Operating Cost (Yg) = 9.591(x)0-232 
The supply cost consists of 1004 electric power. 


(E) Equipment Operating Cost (Ym) = 15.894 (x)0-269 


The equipment operating curve covers the daily operating cost for all compressor 
equipment and consists of 92% for repair parts and 84% for lubricants. 
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ADJUSTMENT FACTOR 


Elevation Factor If elevation of the compressor plant varies from 1,600 
m, a correction for altitude must be applied to the air requirements. To 
adjust air volume requirements if the plant is not at 1,600 m elevation, 
multiply the costs obtained from the curves by the following factor: 


Elevation, 





The factors can be generated from the following equation: 


Elevation factor (Fr) = 0.823+0.0001(G) 
where G = elevation, in meters. 


1,000 


COST, dollars per day 
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7.1. MINERAL PROCESSING--OPERATING COSTS 
721.8. GENERAL OPERATIONS 


7.1.8.5. GENERAL ITEMS--COMMUNICATIONS, SANITATION, HOUSEKEEPING, FIRE 
PROTECTION, AND ELECTRICAL 


This set of curves covers the cost of general yard work, carpentry repair, janitor- 
ial services, plumbing, road grading, ditch cleaning, general mechanical repairs, 
handling incoming supplies and materials, electrical maintenance and repair, and 
general housekeeping. 


The total daily operating cost is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) based on the capacity rate (X), in metric tons of 
processing plant feed per day. The curves are valid for operations between 100 and 
100,000 mt, operating three shifts per day. The curves include daily operating and 
maintenance costs associated with utility trucks, mobile cranes, motor patrols, var- 
ious cleaning materials, and electrical-plumbing supplies. 


BASE CURVE 
(L) Labor Operating Cost (Y,) = 4.041(x)0-692 
The size of the work force required for this work will vary from a small crew of 


one or two workers working a fractional day to possibly three shifts of 50 to 60 
workers per day. 


The operating labor costs consist of the following typical range of personnel: 


Direct Labor. sic oe «o's ate 6. ctmusise 0% 
Maintenance labor..cccccccece 100% 


The average base salary including burden for labor is as follows: 


Small Large Av salary 
(340 to (5,000 to per hour 
5,000 mtpd) 100,000 mtpd) (base rate) 
Crane operators: seismic sccees 154 112 16.33 
Truck driver. cise eas ee csse coe 154 134% 16.33 
Carpenter, lst claSs..e.eeee - 64 17.23 
Carpenter, rough. ccccccccvce = 4% 16.33 
Operator, motor-grader...ece a 3% 18.11 
General laborer. ccccccccccce 404% 19% 13.86 
Plant utility man..<<cc.escs - 5% 14.56 
Garage mechanic..ccccccccces - 13% 16.89 
Plumber, Llicensed.cccccccece - 5% 18.11 
Welder, lst class...cccccces 154 104% 16.78 
ELCCUriCl arcs cc4is cea sletecters 154 11% 16.78 


The average wage for labor. is $16.13 per worker-hour (including burden and aver- 
age shift differential). 


(S) Supply Operating Cost (Yg) = 0.070(x)1-000 
The supply cost consists of 100% miscellaneous supplies priced at $0.070 per 


metric ton of mineral processing plant feed. 
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(E) Equipment Operating Cost (Yg) = 1.113(x)9-675 
The equipment operating cost consists of 32% for repair parts and 624 for fuel 
and lubricants, and 64 for tires. 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
7.1.8. GENERAL OPERATIONS 


7-1.8.6.1. LOADING FACILITIES 
LOAD-OUT FACILITIES 


The load-out operating costs represented are only applicable for concentrates stored 
using a conveyor, bucket elevator, and elevated storage bin system. The storage 
bins are capable of holding a 2-day supply of mill concentrate output, and are emp- 
tied every other day into 45-mt trucks or 90 mt railcars for delivery to the smel- 
ter. An example of the type of materials stored would be copper or molybdenum con- 
centrates. 


The total daily cost is the sum of the three separate cost curves (labor, supplies, 
and equipment operation) having on a production rate (X), in metric tons of concen- 
trate transferred from a mill to storage bins in a 24-h period. The curves are 
valid for operations between 150 and 1,500 mtpd, operating one shift per day. 


BASE CURVES 


(L) Labor Operating Costs (Yz) = 71.565(x)0-145 
The operating labor costs are distributed as follows: 


Direct a DOT ets-s. 664 bi6 a 6 ciole.s ee 84% 
Maintenance labor..cecccccce 164 


The direct labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
MechaniCeccccccccccccccccccs 42.9% 17.99 
Conveyor Operator. ceeecececee 30.24 14.89 
LADOre Te cccccccccccccccvccce 26.9% 13.26 


The average wage for labor is $15.78 per worker-hour (including burden and aver- 
age shift differential). 


(S) Supply Operating Costs (Yg) = 0.0009 (x)1-202 


The supply curve consists of 100% electric power. 


(E) Equipment Operating Costs (Yg) = 0.990(x)9-613 


The equipment operating cost consists of 94% for repair and maintenance parts 
and 64 for lubrication. 


ADJUSTMENT FACTORS 
Secondary Mineral Recovery Operating costs for the recovery of secondary minerals 


are not included in this section. If such operations are considered, appropri- 
ate adjustments should be made to the cost curves. 
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Shift Factor Planned use of offloading equipment is considered to occur intermit- 
tently throughout the 24-h work day as concentrates in adequate quantities are 
made available from the mill for transportation to the storage bins. If the 
operations occur for periods of time 110% greater than or 704 less than 9 h/d, 
suitable adjustments must be made to the cost curves. 


COST, dollars per day 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
7-1-8. GENERAL OPERATIONS 


7.1.8.6.2. LOADING FACILITIES 
OFF-LOADING FACILITIES 


The total daily cost is the sum of the three separate cost curves (labor, supplies, 
and equipment operation) having on a production rate (X), in metric tons of ore off- 
loaded and stored in bins for use by the mill per day. The curves are valid for 
operations between 800 and 12,000 mtpd, operating two shifts per day. 


BASE CURVES 


(L) Labor Operating Costs (Yy,) = 241.612(x)0-161 
The operating labor costs are distributed as follows: 


Direct VaADOT ete eracleveicievclelckeletets 57% 
Maintenance Llaborececccccccce 43% 


The direct labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
Mechanics ccc « ca ens o1scte siete ate 42.9% $17.99 
ConveyOr OPeratOLreceesececece 30.2% 14.89 
LabOre Le cccccccccccccceccces 26.9% 13.26 


The average wage for labor is $15.38 per worker-hour (including burden and aver- 
age shift differential). 


(S) Supply Operating Costs (Yg) = 0.004(x)1-021 
The supply curve consists of 1004 electric power. 


(E) Equipment Operating Costs (YR) = 7.373(xX)9-475 


The equipment operating cost consists of 94% for repair and maintenance parts 
and 64 for lubrication. 


ADJUSTMENT FACTOR 


Variable Shift Rate If the offloading facility is to be operated one shift per day, 
multiply the daily off-loading rate by two; calculate the operating costs from 
the base curves using the adjusted rate, then decrease the calculated cost by 
50% to arrive at the adjusted cost. If the facility is operating three shifts 
per day, multiply the daily off-loading rate by 0.67; calculate the operating 
costs from the base curves using the adjusted off-loading rate, then increase 
the calculated cost by 504 to arrive at the adjusted cost. 
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7.1. MINERAL PROCESSING--OPERATING COSTS 
721.8. GENERAL OPERATIONS 


7-1.8.11. PORTABLE POWER GENERATION 


This section is to be used in conjunction with section 6.1.8.11. when electrical 
power is unavailable through a commercial power utility company or when it would be 
uneconomical to run power distribution facilities to the user. The total cost per 
kilowatt hour replaces the commercial Denver, CO, power rate used in other sections 
of this manual. 


These curves cover the cost of power production from a single portable power unit 
(see adjustment factor for multiple units) ranging from a small diesel generator 
with less than 100 kW output to a large gas turbine producing more than 20,000 kW of 
power. 


Total cost is expressed in terms of dollars per kilowatt hour for a specific power 
output. The curves cover the cost of labor for overhauls and normal repairs, parts 
for overhauls and normal repairs, and fuel and lubrication costs. The curves have 
been divided into three parts: the first part covering horizontal diesel generators 
from 18-to 400-kW output, the second part covering horizontal diesel generators from 
400 to 2,900-kW output, and the last part covering gas turbine generators from 
2,900-W to 23,600-kW output. 


Total cost is the sum of two separate cost curves (labor and equipment operation) 
based on a specific power output rating (X), in kilowatts. The curves are valid for 
generators between 18 to 23,600 kW. The curves include all daily operating and 
maintenance costs associated with power production per generator unit. 


BASE CURVE 


To convert from kilovolt ampere (kV°A) demand to kilowatt power output estimate 

the power factor (PF). This may vary from 0.80 for electric motor circuits to 1.00 
for electric light circuits. The kilowatt output is then determined by kV°A X PF 

= kW. [Power Output Determination - for surface mine power output (kW), see section 
2-2-4.2 (IC 9142). For underground mine and mineral processing plant power demand 
(kV°A), see sections 4.2.5.3. (IC 9142) and 6.1.8.4.] 


(L) Labor Operating Cost (Yq, 18-400 kw) = 0-169(x)—0-466 
(Yr, 400-2,900 kw) = 0-409 (x)~0-480 


(Yr, 2,900-23,600 kw) = 0-008(x)-0-445 
The operating labor costs are distributed as follows: 


Direct LabOTs Sissies ote teis 6 his bane 0% 
Maintenance laboOre-.ceecccecce 100% 


The labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
MEChaniCsS. sco sive bala clcle nie’ 1004 $18.11 
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The average wage for labor is $18.11 per worker-hour (including burden and aver- 
age shift differential). 


The labor curves do not contain any operating labor costs since all units oper- 
ate unattended in an automatic mode (some smaller units may not have automatic 
starting systems and would require a manual start). The only labor necessary is 
that which is required for maintenance and scheduled overhauls by mechanics. 


(E) Equipment Operation Costs (YR 18-400 kw) = 0-145(x)70-075 
(YE 400-2,900 kw) = 0.158 (x) 0-070 


(YE 2,900-23,600 kW) = 0-131(x)~0-122 


The general equipment operating cost component distribution is as follows: 


Repair parts Fuel and lube Tires 
Horizontal diesel: 
18-400 kWececcccccccccceee 18.0% 73% 9% 
400-2,900 kWecccccscccccee 12.04 79% 9% 
Gas turbine: 
2,900-23,600 kWececcccccee 112 75% 142 


The parts category includes normal maintenance parts such as belts and pumps, 
and major overhaul items such as valves, injectors, brushes, and commutators. 
The natural gas has a Btu rating of 1,050 Btu/ft>. 


ADJUSTMENT FACTORS 


Sulfur Fuels Factor If high-sulfur fuels are used, multiply the labor and equip 
ment parts costs by the following factor: 


Sulfur fuels factor (Fy) = 1.333 


Power Rate If power is to be supplied by more than one unit, then the total power 
output should be divided by the number of required units to obtain the power 
output per unit (X) needed for entering the curves. 


Power Source For those cases where power is supplied to the mine and mineral pro- 
cessing plant from different sources as a result of geographic or economic con- 
straints, separate cost estimates, using this section, must be made to reflect 
the independent power outputs. This will result in different power costs for 
mines and mineral processing plants and must be accounted for separately in the 
mining and mineral processing sections of this manual. 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
7.1.8. GENERAL OPERATIONS 


7-1.8.12. STOCKPILE STORAGE FACILITIES 


Stockpile operating costs, as determined in this section, are based on metric tons 
of stockpiled material reclaimed during a two-shift-per-day operation. The costs 
represented are only applicable for stockpiles formed and reclaimed by conveyors. 
The daily reclaim rate is typically about 67% of the stockpile's live storage capa- 
city. Total stockpile capacity is normally about 600% of the daily reclaim rate. 
For example, a coarse ore stockpile for a mill operating at 10,000 mt of ore per day 
has a live storage capacity of about 15,000 mt and a total stockpile capacity of 
60,000 mt. 


The total daily operating cost is the sum of three separate cost curves (labor, and 
supplies, equipment operation) based on the production rate (X), in metric tons ma- 
terial reclaimed from the stockpile per day. The curves are valid for operations 
between 2,000 to 200,000 mtpd, operating two shifts per day. 


BASE CURVES 


(L) Labor Operating Costs (Yy,) = 7.229(x)0-503 


The operating labor costs are distributed as follows: 


Direct Ta DOT ss 6 16 6.0 ces 6 6 sive 33% 
Maintenance laboOreececcccccce 67% 


The labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
Mechanic. ceocccccscccscvccccce 72.04 $17.99 
Conveyor Operator. coecececoes 14.8% 14.89 
LabDOreLrecccccccccccsccccccce 13.24 13.26 


Average operating labor cost per worker-hour is $16.91 (including burden and 
average shift differential). 


(S) Supply Operating Costs (Yg) = 0.019(x)0-928 
The supply cost consists of 100% electric power. 


(E) Equipment Operating Costs (Yg) = 4.643(x)9-524 


The equipment operating cost consists of 94% for repair and maintenance parts 
and 64 for lubrication. 


ADJUSTMENT FACTOR 


Shift-Reclaim Rate If a stockpile facility is operated one shift per day, multiply 
the daily reclaim rate by two; calculate the operating costs from the base 
curves using the adjusted reclaim rate; then decrease the calculated cost by 50% 
to arrive at the adjusted cost. If the facility is operated three shifts per 
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day, multiply the daily reclaim rate by 0.67; calculate the operating costs from 
the base curves using the adjusted reclaim rate; then increase the calculated 
cost by 50% to arrive at the adjusted cost. 
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7.1. MINERAL PROCESSING--OPERATING COSTS 

721.8. GENERAL OPERATIONS 

7-1.8.14.1. WATER AND DRAINAGE SYSTEM 
DRAINAGE AND DISPOSAL SYSTEM 


These curves cover the cost of general drainage control around the mineral process- 
ing area, including collection conduits, sumps and pumps, and pipelines or culverts. 


The total operating cost is the sum of three cost curves (labor, supplies, and 
equipment operation) based on the capacity rate (X), in metric tons of mill feed per 
day. The curves are valid for operations between 100 and 100,000 mtpd, operating 
three shifts per day. These curves include all daily maintenance costs associated 
with the disposal of minor solids (spillage and dust) and water (used in equipment 
and floor washing) to an area 1 km outside the mineral processing plant. 


BASE CURVE 


(L) Labor Operating Cost (Yj) = 0.028 (x) 9-595 
The operating labor costs consist of the following typical range of personnel: 


Direct TabO?Tc cde es slaicce sisi 0% 
Maintenance labor..ccccccece 100% 


The average base salary including burden for labor is as follows: 


Small Large Av salary 
(100 to (10,000 to per hour 
10,000 mtpd) 100,000 mtpd) (base rate) 
Mechanic 2d class. ceese cies 55% 28% $16.78 
Mechanic 3d claSseccecccercces - 264 15.89 
Hel perececcccenscccsessvesse 45% 464 13.66 


The average wage for maintenance labor is $15.55 per worker-hour (including bur- 
den and average shift differential). 


(S) Supply Operating Cost (Yg) = 0.038 (x)0-691 
The supply curve consists of 47% electric power, 43% steel, 7% miscellaneous ma- 
terials, and 3% concrete. 


(E) Equipment Operation Cost (Yg) = 0.029(x)9-591 


The equipment operation curve consists of 96% for parts and 4% for lubricants. 
It covers the daily cost related to pumping and minor conduit maintenance. 


ADJUSTMENT FACTORS 


The operating cost curves are based on disposing of a water quantity equal to one- 
third of the plant makeup water, containing an average solids equivalent of 0.25% of 
plant feed. The makeup water is considered here to be 254 of the total water re- 
quired daily for mineral processing. 
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Pumping Head Adjustment The supply curve is based on an typical pumping head of 
16.3 m, 15 m static head and 1.3 m friction head. If the actual drainage cir- 


cuit involves gravity flow or an unusually high head (H), multiply the costs ob- 
tained from the curves by the following factors: 


Labor factor (Fz) = 0.040+0.059(H) 
Supply factor (Fg) = 0.530+0.029(H) 


Equipment operation factor (Fr) = 0.040+0.059(H) 
where H = actual head, in meters. 


For approximate values of H, add to the static head (lift) 1 to 2 m for each 
kilometer of pumping distance. For gravity flow the static head is zero. 


Pumping Distance Adjustment The curves are based on a pumping distance of 1 km. 
For distances other than 1 km, multiply the costs obtained from the curves by 
the following factors: 

Labor factor (Fy) = 0.96+0.04(D) 
Supply factor (Fg) = 0.47+0.53(D) 


Equipment operation factor (Fp) = 0.96+0.04(D) 
where D = actual pumping distance, in kilometers. 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
7.1.8. GENERAL OPERATIONS 


7.1.8.14.2. WATER AND DRAINAGE SYSTEM 
WATER SUPPLY SYSTEM (MAKEUP WATER) 


Water is used in mineral processing plants primarily for washing or concentration. 
Depending on the mineral processing method, the water volume required will vary. 
The water supply system operating cost for a processing plant [and/or an adjoining 
mine, section 3.2.4.10.2. (IC 9142)] is based on the daily water consumption. 


The total daily operating cost is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) based on the makeup water volume (X), in cubic 
meters of water per day. The curves are valid for volumes between 1,000 and 150,000 
m3/d, operating one shift per day. The curves cover all daily maintenance and op- 
erating costs associated with water wells, storage tanks, pipelines and distribu- 
tion. For mill water reclamation, see section 6.1.4.5. 


For flotation plants, the total water required varies from 2.5 to 4.5 n3/mt 
floated. Ten to forty percent of the water required is makeup water. Gravity con- 
centration may require as much as 8 m3 of water per metric ton of ore feed. About 
10% of this figure is new water and the rest reclaimed. 


If total daily volume (processing-plant makeup water and mine water) is known, the 
manual user should enter this volume in the equations given below (unless the mine 


is supplied with water from an independent source). The total operating cost may be 
allotted as follows:1 


ae 91% to mineral processing (section 7.1.8.14.2.). 

b. 9% to surface mine [section 3.2.4.10.2. (IC 9142)]. 
lpercentages derived from BuMines IC 8285 dealing with water consumption for U.S. 
mines and mineral processing plants. Different percentages may be obtained if an 
actual breakdown of mine and mineral processing plant is known. 


BASE CURVE 


These curves are valid for a total pumping head ranging from 260 to 330 m with an 
average of 291 m, and pumping distances ranging from 3 to 53 km. 


(L) Labor Operating Cost (Yz) = 1.937(x)0-445 


The operating labor costs consist of the following typical range of personnel: 


Direct VADOT ce 6s elbin 6s wb ate. bets 0% 
Maintenance labor. ccccccccce 100% 


The average base salary including burden for labor is as follows: 
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Small Large Av salary 
(1,000 to (13,100 to per hour 
13,000 m3/d) 150,000 m3/d) (base rate) 
Mechanic—welder..cccccccsece 254 14% $16.33 
PIpGLiCteris veces cclee cece ove mmoae 39% $22.80 
Hel De ride f vsleic vicvecie c ete ciee.s.c cement © 47% $13.66 


The average wage for maintenance labor is $16.78 per worker-hour (including bur- 
den and average shift differential). 


(S) Supply Operating Cost (Yg) = 0.045(x)0-997 


The supply cost consists of 100% electric power. Power is required to overcome 
the static head (well depth and lift) and pipeline head losses. 


(E) Equipment Operation (Yg) = 0.054 (x) 0-864 


The equipment operation curve covers the daily operation cost for pipelines, 
pumps, and storage tanks. It consists of 954 for parts and 54 for lubricants. 


ADJUSTMENT FACTORS 


Pumping Distance Factor To correct for actual pumping distance, multiply the costs 
obtained from the curves by the following factor: 


Pumping distance factor (Fp) = 0.854[1.95(D) (x)—0+549}] 
where D = actual distance, in kilometers, 
and X = volume, in cubic meters per day. 


Because a change in distance results in a change in friction head, also multiply 
the costs by the pumping head factor (Fy). 


Pumping Head Factor The three cost curves are based on 244-m static head (well 
depth and lift) and a 47-m friction head. To adjust for actual total heads, 
multiply the costs obtained from the curves by the following factor: 


Pumping head factor (Fy) = H/291 
where H = sum of the actual static, friction, velocity, fitting, and 
discharge heads, in meters. 


Purchased Water Factor If water is purchased, estimate the labor, supply, and 
equipment operation costs (from the delivery point to the mine and processing 
plant), and add them to the purchasing cost. 


COST, dollars per day 
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7e1. MINERAL PROCESSING--OPERATING COSTS 


7-1-9. GENERAL EXPENSES 
ADMINISTRATIVE COSTS 


These costs include expenses incurred in the everyday operation of the plant and do 
not include general company overhead. 


The total daily operating costs are from three separate cost curves (labor, sup- 
plies, and equipment operation) based on the capacity rate (X), in metric tons of 
processing plant feed per day. The curves are valid for operations between 100 and 
100,000 mtpd, operating three shifts per day. 


7-1.9.1. ADMINISTRATIVE SALARIES AND WAGES 


The general expense curve for mineral processing administrative salaries and wages 
is intended to cover the supervision and various other administrative functions re- 
quired for plants of varying sizes. The number of administrative (salaried) employ- 
ees varies from 5 persons working three shifts in the smaller plant to over 100 in 
the larger plants. Note that the costs from the curves are per operating day of the 
plant. 


BASE CURVE 


(L) Administrative Salaries and Wages (Y;,) = 43.589(x)0-488 


The operating labor costs consist of the following typical range of personnel: 


Direct LabDOT Sotiteléls b cle-s eteletctere 99% 
Maintenance Laborecececcvcces 1% 


The average base salary including burden for labor is as follows: 


Small Large Av salary 
(100 to (20,000 to per hour 
20,000 mtpd) 100,000 mtpd) (base rate) 
Supervision (managers foremen). 364 36% 23.39 
Clerical (office management)... 21% 22% 13.62 
Engineering (Metallurgical 
chemical, mechanic)..cccccesce 18% 202 19.85 
Assaying and metallurgical..... 12% 11% 15.13 
Purchasing and warehousing..... 9% 7% 14.14 
Safety, first aid, security.... 4% 4% 18.85 


The average wage for labor is $17.93 per worker-hour (including burden and aver- 
age shift differential). 


449 
Selected median annual salaries are as follows (without burden): 


Mill superintendent......... $50,400 
General maintenance foreman. 33,600 
Giie= electrician fevss cscs 40,900 
Engineer.cecccccccccccccccce 35,900 
Safety director. cecceccccece 35,900 
Director of purchasing...... 42,000 


ADJUSTMENT FACTOR 


Burden Factor If the burden is other than 32%, multiply the labor cost obtained 
from the curve by the following factor: 


Labor factor (Fy) = (1+B)/(1.32) 
where B = new burden, expressed as a decimal. 


7-1.9-2. ADMINISTRATIVE PURCHASES 
BASE CURVE 


(S) Administrative Purchases (Ys) = 3.427(x)9-557 
The administrative purchases cost consist of 27% miscellaneous fees, dues and 
donations, and laboratory supplies; 22% professional and computer services when 
applicable; 21% supplies for office, engineering, safety and first aid; 15% ex- 
penses for telephone, telegraph and postage; 9% travel and entertainment; and 64 
small tools. 


7-1-9.3. ADMINISTRATIVE EQUIPMENT OPERATION 


BASE CURVE 


(E) Administrative Equipment Operation (Yg) = 33.290(x)9+226 


The administrative equipment operating cost consists of 70% for fuel, 14% for 
repair parts, 12% for lubricants, and 4% for tires. The equipment usage aver- 
ages 20% of its available time. This curve includes administrative equipment 
operation expense for vehicles such as sedans, pickups, forklifts, and flatbed 
trucks. 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
7-1.10. INFRASTRUCTURE 


CAMPSITE 


Where conditions such as remote location or seasonal operation require a single- 
status campsite (i.e., room, board, and recreation facility), the daily operating 
cost should be derived from the following base cost curve. Today a caterer is usu- 
ally employed to provide board, housekeeping, and recreation supervision. Heat, 
lights, garbage disposal, and plant maintenance are usually provided by the owner. 


BASE CURVE 
The total daily cost is derived from the supply curve based on the total number of 
persons who occupy the campsite (X). The curve is valid for campsites occupied by 20 


to 1,000 persons. All persons receive both room and board. 


(S) Supply Operating Cost (Yg) = 37.143(x)9-897 


Small Large 
(20 to (450 to 
450 persons) 1,000 persons) 

BOATdv pesttcecusecncwseewens 61.54 59.04 
Housekeeping and recreation. 23.9% 23.0% 
HES tivix, «arora d sie ere. ete sie a sua e015 6.44% 9.0% 
DARL Pies ote wt oieieis ae-8 soit ea/eie'e 2.44% 3.4% 
Ma ICON AICE oes cletsicle selects s sieie.< 5.8% 5.64 


If the number of persons requiring board varies from the number of persons requiring 
room, use the following equation: 


(S) Supply Operating Cost (Yg) = [37.143(x)9-897}[0.60(B/R)+0.40(R)] 
where B = number of persons requiring board only, 

and R = number of persons requiring room only. 

These curves are based on a caterer who provides all necessary personnel for food 
service, housekeeping, distribution and collection of mail, monitoring recreation, 
etc., and all necessary supplies, such as pots, pans, dishes, silverware, sheets, 
pillowcases, blankets, waste cans, recreation supplies, janitorial supplies, food, 
etc. The evaluator must add the cost for local, State, or Federal taxes where re- 
quired. 


ADJUSTMENT FACTORS 


Owner-Operator Factor When the facility is owner-operated rather than catered, mul- 
tiply the cost obtained from the curve by the following factor: 


Owner-operator factor (Fo) = 0.93 
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Diesel Power Factor When the electric power is provided by a diesel-electric system 
rather than a power line grid, multiply the cost obtained from the curve by the 
following factor: 


Diesel power factor (Fp) = 1.04 


TRAILER COURT 


Where conditions such as remote location or lack of available housing require insta- 
llation of a family trailer court complete with utilities, laundromat, recreation 
facilities, blacktop driveway, and possibly swimming pool, the daily operating cost 
should be derived from the following two curves. The total daily cost is derived 
from the supply curve, based on the total number of trailer spaces (X) required. The 
curve is valid for trailer courts with 20 to 1,000 units. 


BASE CURVE 


The curves are based on trailer and facility maintenance, insurance, casualty 
insurance, supervisory and worker wages, plus overhead, heat, and lights. 


(S) Supply Operating Cost (Yo prep) = 49-514(x)9-590 
Company-owned mobile homes, spaces, and facilities where the trailers and spaces 
are free to supervisors and workers. The company pays all operating costs on 
the facility. 


(S) Supply Operating Cost (Yg penrEp) = 1,676-049(x)—0- 716 
Company-owned mobile homes, spaces, and facilities where the trailers and spaces 
are rented to supervisors and workers. The company pays for any loss on the 
facility. 
ADJUSTMENT FACTORS 


Swimming Pool Factor When the trailer court does not provide a swimming pool, mul- 
tiply the curve (Yg prep) by the following factor: 


Swimming pool factor (Fp prep) = 0-82 
When the spaces and trailers are rented and the trailer court has 52 or more 
units, it will show a profit. If there are less than 52 units multiply the 
curve (Yg penrep) by the following factor: 

Swimming pool factor (Fp penrep) = 0-05 


Trailer Space Rental Factor When the occupants rent trailer space for their own 
trailers, multiply the curve (Ys FREE by the following factor: 


Trailer space rental factor (Fp prep) = 0-36 
PERMANENT HOUSING 


Company totally owned and operated townsites are decreasing in number because of 
their high cost and persistent social problems. The trend seem to be toward small 


family housing facilities combined with an existing nearby city. 
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Large townsite permanent housing 
Today, the military appears to be the greatest user of this type of facility. 
The Air Force provides housing to its officers and enlisted personnel. The 
Government pays for housing and facility maintenance, all utilities, supervisor, 
and worker labor, etc. The average operating costs for 1983 were: 


McCord Air Base--993 units: $6.66 per day per unit 
Fairchild Air Base--1,580 units: $6.93 per day per unit 


Small townsite permanent housing 
These facilities are generally rented to their occupants at a modest fee, with 
the company paying for the general maintenance, insurance, and taxes. Rent is 
applied to the capital investment. A new housing facility (175 family units) in 
the western United States, cost the company $0.98 per day per unit to maintain. 


BASE CURVE 


The total daily cost is derived from the supply curve based on the total number of 
housing units, (X), required. The curve is valid for 140 to 1,900 housing units. 


(S) Supply Operating Cost (Yg) = 0.008(x)9-948 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
7-1.-10. INFRASTRUCTURE 


7-1.10.3.1. WASTE WATER TREATMENT 
CLARIFICATION 


This operation is a solids-contact clarifier used for water clarification by preci- 
pitation and/or coagulation. This cost curve is intended to remove suspended solids 
formed after final neutralization of out-of-pipe effluent. The curves include all 
principal costs associated with the operation of the unit. It does not include 
costs for sludge removal. The unit can selectively or simultaneously remove turbi- 
dity, color, organic matter, manganese, iron, alkalinity, taste, and odor. 


The total daily cost is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on a tank diameter (X), in meters. The curves are valid 
for diameters between 2.74 to 45.72 m (cross-sectional area ranging from 5.9 to 
1,642 m2), operating three shifts per day. Costs are based on an overflow rate of 
0.377 (L/s)/m2. 


BASE CURVES 


(L) Labor Operating Cost Onl 38.931(x)0-119 
The operating labor costs are distributed as follows: 


Direct 1! DOT sis se ele 616.010.6660 o.6 100% 
Maintenance laboreececcccccecce 0% 


The labor costs consist of the following typical range of personnel: 


Small Large 
dia dia Av salary 
(5.72 to (75"to per hour 
75 m 1,661 m) (base rate) 
TADOLE Ces seas os 4 ldots oe «cteists 1LO0e 54% $13.66 
LabOratory.cccccccccccescecs 40% 46% 15.89 


The average labor cost per worker-hour is $14.43 (including burden and average 
shift differential). 


(S) Supply Operating Cost (Yg) = 1.083(x)9-633 
The supply curve consists of electric power and maintenance supplies. 


Small Large 
dia dia 
C5. 7 28to (75 to 
75 m) 1,661 m) 
RI GCEY LC.» ao wcvae ab uieig ss cieleis'e 604% 34% 
MalorernnGe ses sce ess sees «so 40% 66% 


(E) Equipment Operating Cost (Yp) = 0.505(x)1-064 


The equipment operating cost consists of 100% for repair parts and covers the 
daily operation cost for all clarification equipment. 


458 
ADJUSTMENT FACTOR 
Flocculant Factor Normally, additional flocculants are not needed in the mine waste 
water treatment after neutralization. However, if polymers are needed or used, 


add the following factor to the supply cost obtained from the curve: 


Supply factor (Fg) = 0.334(D)1-812 
where D = clarifier tank diameter, in meters. 


The polymer is based on a standard dosage of 1.5 mg/L influent and an average 
polymer cost of $2.10/1b. 


COST, dollars per day 
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7-1. MINERAL PROCESSING--OPERATING COSTS 
7-1.10. INFRASTRUCTURE 


7-1-10.3.2. WASTE WATER TREATMENT 
NEUTRALIZATION 


The Environmental Protection Agency's publication EPA-600/2-82-00/d “Treatability 

Manual, Vol. IV, Cost Estimating,” April 1983, was the source of cost development. 

One is referred to this manual if further detail in neutralization costs is needed. 
Additionally, other waste water treatment methods are costed in this EPA manual. 


The operating cost curves are used when neutralization of wastewater effluent (out- 
of-pipe) is required. The basic design variable is waste water flow. It is assumed 
that flow equalization is provided by a tailings pond. The costs apply to the neu- 
tralization of either acidic or basic waste water streams originating from mine, 
mill, or combined mine and mill after it flows out-of-pipe from the central impound- 
ment pond. In most mining operations further waste water treatment costs are not 
required. The system consists of chemical addition and two-stage neutralization 
tanks. It is assumed that pH and suspended-dissolved solid content of influent to 
the system will be unknown at this level of costing. Basis of design uses a stan- 
dard dosage of 100 mg/L lime and 100 mg/L acid to achieve a pH of 7.0 over a pH 
range of 6.5 to 8.0. 


BASE CURVES 


The total daily cost is the sum of three cost curves (labor, supplies, and equipment 
operation) based on the waste water flow rate (X), in liters of effluent to be 
treated per second per day. The curves are valid for operations between 0.001 to 
876 L/s (22.8 to 20 million gal/d), operating three shifts per day. The curves in- 
clude all costs associated with the operation of a neutralization system such as la- 
bor, lime, acid, power, service water, and laboratory expenses. 


(L) Labor Operating Costs (Yz) = 84.85(x)0-000 
The operating labor costs are distributed as follows: 


Direct LabOtils stele c's s etetseretete 100% 
Maintenance laboreeececccecce 04% 


The labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
LADOTE Ts cs cle cicieis sie ole ee letererets 89% $15.80 
PADOCALOLY cess cccievicc ccs ciate 11% 15.80 


The average labor cost per worker-hour is $15.80 (including burden and average 
shift differential). 


(S) Supply Operating Costs (Yg 9,001-8.76 L/s) = 24-13(X)92950 
(Yg 8.76-876 L/s) = 21+282(x)9+997 


(E) 
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The supply costs consists of electric power, water, and chemicals and lime in 
the following proportions: 


Small Large 

(0.001 to (8.76 to 

8.76 L/s) 876 L/s) 
Electric powerecessecccccccs 3% 2% 
WALCGL ss ccs nce ce ces co0es 0.0080 80% 89% 
Chemicals and lime......eee- 17% 9% 


Equipment Operating Costs (Yr 9.001-8.76 Ls? = 8.44 (x) 0009 
(YE 8.76-876 L/s) = 1-801(x)9-°6 


The equipment operating cost consists of 100% for repair parts and covers the 
daily operation cost for all neutralization equipment. 
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7.1. MINERAL PROCESSING--OPERATING COSTS 
7-1.11. RESTORATION DURING PRODUCTION 


Mine restoration is the process of initiating and accelerating the natural contin- 
uous trend toward recovery (stabilization) etc.), the type of environment (desert, 
flatland, grass lands, mountains, etc.) and the restoration requirements by law in 
any given state (which range from none to very strict). Some states require per- 
mits prior to disturbing the ground surface. Typically, the permit specifies that 
the area must be reclaimed, hectare for hectare, to a use similar to the prior use 
or other beneficial use. Most restoration activities for mines include regrading 
and leveling plant sites (and revegetation of the disturbed area) but do not include 
backfilling (in most cases backfilling is not required by law). 


If backfilling is employed in the restoration plan use the Excavation, Load and Haul 
Overburden and Waste, section 3.2.1.4., in the manual to obtain backfilling cost. 
The revegetation cost varies greatly depending on the method used (hand or machin- 
ery), materials used, type of seeds or plants, fertilizer, mulch, chemicals (such as 
lime for reducing acidity), and whether irrigation is necessary. Climate and ground 
slope are factors that determine the type and, therefore, the costs of restoration. 
The costs given in the following table are representative costs for a specific re- 
storation task. The actual cost could range higher or lower than the cost given in 
the table. 


Where restoration methods use motorized equipment, the cost components are the fol- 
lowing: 40% for labor, 40% for equipment operation, and 204 for supplies - Indus- 
trial Chemicals Index - (fertilizer, seed, mulch, etc.). The cost components for 
equipment operation are 654 for fuel and lubrication, 25% for repair parts, and 10% 
for tires. If restoration work is accomplished manually, then the cost components 
are 60% for labor and 40% for supplies (Industrial Chemicals Index). 
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OOST COMPARISONS OF RESTORATION METHODS 


Qost per Remarks 
hectare 
SPECIFIC RESTORATION WORK (INDEPENDENT OF CLIMATE OR GEOGRAPHY) 

Revegetation on steep slope—roadside $1, 000- Based on using 18 kg/ha of seed, 
slopes, tailing slopes, or waste dump 500 73 kg/ha of fertilizer, and ex- 
slopes, using hydroseeder with fiber penses to use a boam crane, 
mulch. pickup truck, 2 equipment oper- 

ators, and a swamper. 

Transplanting trees or shrubs by hand 5,000 Assume 2,500 trees hand 
on moderate to steep slopes. planted per hectare at $2 per 

tree or shrub. 

Sand and gravel restoration, includes 3,000 Based on a typical sand-and- 
placers; leveling, grading, topsoiling, gravel operation near Denver, 
reseeding. CO. 

Annual maintenance (fertilizers added 160 Gost for applying fertilizer. 
for above). 

Restoration of borrow pit — backfilling 400- None. 


leveling and reseeding. 600 
RESTORATION IN HIGH ALTITUDE (MOUNTAINOUS) TERRAIN 


Regrading and reseeding - not including $4,000 Regrading for adequate drainage 
topsoiling. to minimize erosion, seedbed 
preparation, and reseeding (in- 
Cluding transplanting trees and 
shrubs). 

Maintenance (added to regrading cost cost). 130 Purchasing-applying fertilizer— 
application cost for lyr. If 
application is on area where at 
least 30-cm depth of topsoil has 
been added, only 1 year's appli- 
cation needed. If topsoil has 
not been added, then as many as 
4 applications may be required 
over a 6- to 8-year period. 

Topsoil removal not necessary for access 7,000 Using $2.30/m3 cost of stockpil- 


to ore body—added to regrading cost (if ing soil to cover a disturbed 
necessary to remove topsoil to gain ac- area to a depth of 30cm. As- 
cess to ore body, then only $1,300/ha of sume topsoil moved and emplaced 
this cost would be attributed to restor- once. If moved, then stored and 
ation cost). moved again to final placement, 


cost could double). 
RESTORATION IN ARID AND SEMIARID LANDS 

Soil added $5,000 Required to achieve restoration 
on only the most severely dis- 
turbed sites. Generally serves 
to accelerate the rate of achieving 
pemanent self-sustaining vege- 
tation. 





COST COMPARISONS OF RESTORATION METHODS—Oontinued 


Qost per Remarks 
hectare 
RESTORATION IN ARID AND SEMIARID LANDS—Oont:inued 
Seeding and irrigation in arid climate on 12,000- Irrigation system cost (sprinkler 
tailings dams, waste dump sites, road 15,000 or drip tube) is estimated at 
slopes. $8,000/ha. Water assumed to be 
pumped on site at annual rate of 
12,000 to 18,000 m/ha at $63 
to $67 per 1,000 m3 of water. 


Seed and fertilizer broadcast on surface 700 Minimm slope where seed will 

—no soil coverage or mulch. cover naturally with soil. Seed 
broadcast manually. 

Hydromulching with 680 kg wood fiber per 1,900- Most common southwestem U.S. hy- 

hectare plus seed and fertilizer. 2,500 dromulch mix; will hold seed and 
fertilizer in place on steep and 
smooth slopes. 

Straw or hay broadcast with straw blower 2,500 Very effective as energy absorber 

on surface at 3,400 kg/ha. and milch. Not used on steep 


slopes. (ost increase signifi- 
cant if slopes over 14 m from 
access. 
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8.1. INFRASTRUCTURE--CAPITAL COSTS 
8.1.1. ACCESS ROADS 


8.1.1.1. CLEARING 


The total cost per kilometer is the sum of two separate cost curves (labor and e- 
quipment operation) having a roadway width (X), in meters. The curves are valid 
for widths between 3 and 30 m, operating one shift per day. This cost is multi- 
plied by the total kilometers to obtain the capital cost. Each curve includes all 
of the daily operating and maintenance costs associated with clearing for access 
roads. Supplies have not been considered in the clearing costs because it is as- 
sumed that cleared brush or timber would be buried under the excavation waste; 
thus, supplies of fuel oil for burning the clearing slash are not required. 


BASE CURVE 


The curves are based on estimated costs for clearing medium growth on terrain with 
a side slope of 25%. Medium growth varies from heavy brush to one tree, 0.33 m in 
diameter, per 40 m2, 


(L) Labor Operating Cost (Yj) = 1,135.467 (x)9- 711 
The operating labor costs are distributed as follows: 


Direct ‘VaDOT ce clele ccetclelc ccecsiolns 864 
Maintenance laborecececccce 14% 


The direct labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
DOZer OPeratOLeceececccccce 12% 16.33 
Wheel-loader operator... 12% 16.33 
Flatbed-truck driver......- 12% 15.89 
General laborer. ecccccccees 64% 13.86 


The average wage for labor is $14.63 per worker-hour (including burden and 
average shift differential). 


(E) Equipment Operating Cost (YR) = 467.945(x)0- 711 


The equipment operating cost consists of 35% for repair parts, 53% for fuel and 
lubrication, and 124 for tires. 


The equipment operating cost consists of 


Dozer Crawlerecceccccccccss 31% 
Wheel loader. cccsccccccccas 47% 
Flathed struck. Herc walsc so Sse « 12% 
Pickup truck. ecccccccccccce 9% 
CSTV SWGs ses ess os ose 6.010 506 1% 
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The equipment operating cost distribution is 


Repair parts Fuel and lube Tires 
Dozer crawl@Tessscccsvcss es 524% 48% ~ 
Wheel loader. ccecccccccerscee 36% 43% 21% 
FIStbedserucks ccs. cecccciecc 9% 80% 11% 
Pickup truckeccccccccsscccs 8% 904 2% 
ChalnSAWG sos scot es sce ese 6's 5 39% 61% - 


ADJUSTMENT FACTORS 


Brush Factor For light clearing conditions where the growth consists mainly of 
brush and small trees, multiply the curves by the following factors: 


Brush factor (Fg picyT) = 0-25 
For heavy clearing conditions, defined as when clearing a dense growth of trees 
(diameter of the trees commonly exceeding 0.33 m), multiply the curves by the 
following factor: 

Brush factor (Fp pensg) = 1-75 


Side Slope Factor For clearing on terrain with side slopes other than 20% to 304 
multiply the curves by the following factors: 


For clearing on terrain with side slopes of 04 to 204, 
Side slope factor (Fg gz-29z) = 0-8 
For clearing on terrain with side slopes of 304 to 504, 
Side slope factor (Fg 39z-59z%) = 1-8 
For clearing on terrain with side slopes of 50% to 1002, 
Side slope factor (Fg 59z-199z%) = 2-5 
Burning Equation If fuel oil (for burning slash) or other supplies, such as cables 
and chokers, are used, add the following supply cost equation to the total cost 
per kilometer. The total cost per kilometer for supplies is for a roadway of 
width (X), in meters, varying in width from 3 to 30 m. 
(S) Supply Operating Cost (Yg pyurnqng) = 269-796[0-100(x) ]—9- 0303 


This cost is multiplied by the total kilometers, valid for values between 3.33 
to 3,333.33 km, to obtain the capital cost. 


For clearing operations from 1 to 500 ha (roadway width in meters multiplied by 
roadway length in meters multiplied by 0.0001), the supplies consist of 78% for 
fuel oil and 22% for tools, cables, and chokers. For clearing operations of 
500 to 1,000 ha, supplies consist of 83% for fuel oil (for burning wood and 
scrub) and 17% for tools, cables, and chokers. 
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Equipment Factor Where it is necessary to purchase equipment, or have a subcon- 
tractor perform the work, multiply the equipment operation value by the follow- 
ing applicable factor in order to obtain the total value of equipment ex- pense 
for ownership and operation: 


Shifts per daYcccccccccccce 1 2 3 
Ma @UO Tie ee elelslaletelelelelorete sc letelele)s 1.91 1.68 1.61 


Subcontractor Factor If a subcontractor is used, to compensate for the subcontrac- 
tor's markup, multiply the costs obtained from the curve by the following 
factors: 

Labor factor (Fy,) = 1.5 
Supply factor (Fs) = 1.2 


Equipment operation factor (Fp) = 1.2 
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8.1. INFRASTRUCTURE--CAPITAL COSTS 
8.1.1. ACCESS ROADS 
8.1.1.2. DRILL AND BLAST 
The total cost per kilometer is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) for a roadway width (X), in meters. The curves are 
valid for widths between 3 and 30 m, operating one shift per day. This cost is 
multiplied by the total kilometers to obtain the capital cost. Each curve includes 
all of the daily operating and maintenance costs associated with drilling and blast 
ing for access roads. 


BASE CURVE 


The curves are based on estimated costs for drilling and blasting a cut with a sin- 
gle ditch. The terrain has a side slope of 25%, and the cut contains 50% rock. 


(L) Labor Operating Cost (Yz) = 9,633.822(x)9+496 
The operating labor costs are distributed as follows: 


Direct aDO cre ste otalecs otelarcleve-« 79% 
Maintenance labor..cccccece 212% 


The direct labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
Air-track drillere.scsceccess 33% 16.78 
Compressor Operator. cececeoece 17% 17.23 
CHUCGK@ALENUEY ss ose cls.cic's ses 27% 13.86 
POWUErMANc cccccccescseccccs 8% 16.33 
Powderman helpereeceececcee 7% 14.56 
Flatbed-truck driver....... 8% 15.89 


The average wage for labor is $15.68 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Ys) = 7 ,247.524(x) 0-644 
The supply cost consists of 79% blasting supplies and 21% drilling supplies. 
Drilling supplies consist of percussion drill bits, rods, striking bars, and 
couplings; blasting supplies consist of dynamite, ANFO, electric blasting caps, 
and connecting wire. 


(E) Equipment Operating Cost (Yp) = 4,109.384 (x)0-496 


The equipment operating cost consists of 51% for repair parts, 48% for fuel and 
lubrication, and 14 for tires. 


472 
The equipment operation curve consists of 


Air-track drills. eeeeveeeeee 33% 


Portable compreSSorsS..-ecececee 55% 
Flatbed truck. @eeeeaeesv02ene02020800 80 7% 
Pickup truck. @eeeeeeoeeneoneseeed @ 5% 


The equipment operating cost distribution is: 


Repair parts Fuel and lube Tires 
Air-track drills.....ccoeee 93% 7h - 
Portable compressorS.eccecee 342% 654 1% 
Flatbed truckeseccccsesccece 9% 804 11% 
Pickup truck. cccscccccccccs 8% 90% 2% 


ADJUSTMENT FACTORS 


Rock Factor For drilling and blasting cuts that contain other than 50% rock, multi- 
ply the curves by the following factors: 


For drilling and blasting cuts containing 25% rock, 
Rock factor (Fp 95%) = 0-6 
For drilling and blasting cuts containing 100% rock, 
Rock factor (Fp 190%) = 1-4 
Side Slope Factor For terrain with side slopes of 0% to 204 that require drilling 
and blasting for two ditches and for providing material for a minimum fill, the 
base curve costs should be used without any adjustments. For terrain with side 
slopes other than 04 to 204 multiply the cost obtained from the curves by the 
following factors: 
For clearing on terrain with side slopes of 20% to 502, 
Side slope factor (Fg 99%-509%) = 1-5 
On terrain with side slopes in the range of 50% to 100%, 
Side slope factor (Fg 59%-190%) = 3-0 
Fquipment Factor Where it is necessary to purchase equipment, or have a subcon- 
tractor perform the work, multiply the equipment operation value by the follow- 
ing applicable factor in order to obtain the total value of equipment expense 


for ownership and operation: 


Shifts per dayecccccccccves 1 Zz 3 
FACCOT so 10.06.60 606s oeticcls oars Deke 1.84 I yf gow 
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Subcontractor Factor If a subcontractor is used, to compensate for the subcontrac- 
tor's markup, multiply the costs by the following factors: 


Labor factor (F;) = 1.5 
Supply factor (Fs) = 1.2 


Equipment operation factor (FR) = 1.2 
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8.1. INFRASTRUCTURE--CAPITAL COSTS 
8.1.1. ACCESS ROADS 


8.1.1.3. EXCAVATION 


The total cost per kilometer is the sum of two separate cost curves (labor and e- 
quipment operation) having a roadway width (X), in meters. The curves are valid 
for widths between 3 and 30 m, operating one shift per day. MThis cost is multi- 
plied by the total kilometers to obtain the capital cost. Each curve includes all 
of the daily operating and maintenance costs associated with excavation for access 
roads. 


BASE CURVES 


The curves are based on a dozer excavation operation that is working on terrain 
with a side slope of 25%, side-casting from cuts or ditches to a 30-cm fill or to 
waste. The material to be excavated is either blasted rock or a common conglomer- 
ate that presents some difficulty in cutting and drifting. 


(L) Labor Operating Cost (Yj) = 29.843(x)1-870 
The operating labor costs are distributed as follows: 


Direct Hl DO Tielke vercleteveveletevencteters 60% 
Maintenance laborececcccccce 40% 


The direct labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
DOZEr OPCTaAlLOts «civie sos s\clets ¢ 604 16.33 
Grader operator. .sccscccccs 20% 16.33 
Water-truck driver....cce.ee 204% 15.89 


The average wage for labor is $16.24 per worker-hour (including burden and 
average shift differential). 


(E) Equipment Operating Cost (Yp) = 27.128 (x)1-870 


The equipment operating cost consists of 46% for repair parts, 504 for fuel and 
lubrication, and 44 for tires. 


The equipment operation curve consists of 


Dozer CrawlerSeccccccccccce 47% 
Dozer-ripper crawler. .eeeoe 254% 
Motor gradeTreecceccccccccces 154 
Water truck. cccccccccccccce 9% 


Pickup CTC kKwsc se + cee weal ae 4% 
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The equipment operating cost distribution is 


Repair parts Fuel and lube Tires 
Dozer crawlers 51% 49% - 
Dozer ripper crawler 53% 47% - 
Motor grader 45% 41% 14% 
Water truck 29% 554 164 
Pickup truck 8% 904% 2% 


ADJUSTMENT FACTORS 


Side Slope Factor On terrain with a side slope other than 20% to 30%, multiply the 
costs obtained from the curves by the following factors: 


For clearing on terrain with side slopes of 04 to 20%, 
Side slope factor (Fg 9%-29%) = [0.8(S) ]0+600(W)9- 756 
where S = side slope [defined as 1 + (percent slope/100)], 
and W = roadway width, in meters. 

For clearing on terrain with side slopes of 304 to 1004, 
Side slope factor (Fs 39-199z%) = [0.8(S) ]3+958(W)0- 087 
where S = side slope [defined as 1 + (percent slope/100) ], 


and W = roadway width, in meters. 


Material Factor For excavation of materials that are easy to cut and drift, multi- 
ply the costs obtained from the curves by the following factors: 


Material factor (Fy pasy) = 0-75 


For excavation of extremely wet and sticky material, multiply the curves by the 
following factors: 


Material factor (Fy prrricuLT) = 1-33 
Equipment Factor Where it is necessary to purchase equipment, or have a subcontrac- 
tor perform the work, multiply the equipment operation cost obtained from the 
curve by the following applicable factor in order to obtain the total value of 


equipment expense for ownership and operation: 


Shifts per GAY eccccccccccce ik 2 3 
FACCOLsisic se vlc 6 we cleicielste sleletelete s 1.94 Los 1.63 


Subcontractor Factor If a subcontractor is used, to compensate for the subcontrac-— 
tor's markup, multiply the costs obtained from the curves by the following 
factors: 


Labor factor (Fp e= 15 


Equipment operation factor (Fp) = 1.2 
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8.1. INFRASTRUCTURE--CAPITAL COSTS 
8.1.1. ACCESS ROADS 


8.1.1.4. GRAVEL SURFACING 


The total cost per kilometer is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) for a roadway width (X), in meters. The curves are 
valid for widths between 3 and 30 m, operating one shift per day. This cost is 
multiplied by the total kilometers to obtain the capital cost. Each curve includes 
all of the daily operating and maintenance costs associated with gravel surfacing 
of access roads. 


BASE CURVE 
The curves are based on costs for preparing a road subbase, spreading surfacing ma- 
terial on the roadway, and compacting the surfacing material to a depth of 0.20 m. 
The surfacing material is delivered to the jobsite in suppliers’ trucks. 


(L) Labor Operating Cost (Yj) = 293.304 (x)9-667 
The operating labor costs are distributed as follows: 


Direct ADOT so ceiestes ate cetetete 83% 
Maintenance laborecccccccee 17% 


The direct labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
Grader OperatOrececccecccce 21% 16.33 
Roller operator. eccccccccce 21% 16.33 
DUMPMAN cccccccccvicesis deco 184 13.86 
Grade checker. ccecccccccces 20% 15.89 
Water-truck drivere.ceccoce 20% 15.89 


The average wage for labor is $15.66 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yoju= 6,880. 012(x)1-006 


The supply cost consists of 100% minus 1.9-cm road-surfacing gravel. The grav- 
el, delivered and dumped on the roadbed by suppliers' trucks, costs $13.76/mt. 


(E) Equipment Operating Cost (Yg) = 135.032(x)9-667 


The equipment operating cost consists of 37% for repair parts, 51% for fuel and 
lubrication, and 12% for tires. 
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The equipment operation curve consists of 


Motor graderecoccccccccccce 42% 
Rubber-tired, 

self-propelled roller..... 19% 
Water truckeccecccccccccccce 26% 
Pickup truck. ecccccccccccece 13% 


The equipment operating cost distribution is 


Repair parts Fuel and lube Tires 
Motor @raderese se «ct eee ss es 45% 41% 14% 
Rubber-tired, 
self-propelled roller..... 49% 40% 11% 
Water truck. .ccccosecccoccce 29% 554 164 
Pickup trucks es ceswee ewes’ 8% 90% 2% 


ADJUSTMENT FACTORS 
Equipment Factor Where it is necessary to purchase equipment, or have a subcontrac- 
tor perform the work, multiply the equipment operation cost obtained from the 
curve by the following applicable factor in order to obtain the total value of 
equipment expense for ownership and operation: 


Shifts per dayeccecrcccccces 1 2 3 
PACEO Meleletsicielelcleleteetereciols oe ere.e 2.05 1.79 t.70 


Subcontractor Factor If a subcontractor is used, to compensate for the subcontrac- 
tor's markup, multiply the costs obtained from the curves by the following 
factors: 

Labor factor (Fy;) =1.5 
Supply factor (Fs) = 1.2 


Equipment operation factor (FR) = 1.2 
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8.1. INFRASTRUCTURE--CAPITAL COSTS 
8.1.1. ACCESS ROADS 


8.1.1.5. PAVING 


The total cost per kilometer is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) for a roadway width (X), in meters. The curves are 
valid for widths between 3 and 30 m, operating one shift per day. This cost is 
multiplied by the total kilometers to obtain the capital cost. Each curve includes 
all of the daily operating and maintenance costs associated with paving of access 
roads. 


BASE CURVE 


The curves are based on a paving operation for laying and compacting hot-mix as- 
phalt concrete (purchased locally from a hot-mix plant) to a depth of 5.1 cm. 
Costs to produce an appropriate paving road base are covered in section 8.1.1.4., 
gravel surfacing. 


(L) Labor Operating Cost (Y,) = 117.710(x)1-005 
The operating labor costs are distributed as follows: 


Direct MADO TL cle sisteletaloceconerouencle 80% 
Maintenance labor.-ccccccece 204 


The direct labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
Paver OPEratore sccevecdvede 13% 16.33 
Roller operator. cccccccccee 264 16.33 
General laborer..cccccccces 22% 13.86 
Rear-dump truck driver..... 39% 15.89 


The average wage for labor is $15.55 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 2,661.382(x)1-005 
The supply cost consists of 100% asphalt concrete (minus 1.9-cm hot mix). The 
asphalt concrete, supplied by a local hot-mix plant, costs $26.37 /mt. 


(E) Equipment Operating Cost (Ym) = 68.436 (x)1-005 


The equipment operating cost consists of 32% for repair parts, 584 for fuel and 
lubrication, and 10% for tires. 


482 
The equipment operation curve consists of 


Asphalt PAVETLTceccecccecccccce 20% 
Rubber-tired, 


self-propelled roller..... 5% 
Steel -wheeled, 

tandem roller. cccoccecccce 54% 
Rear—dump truckSe.ccoccccece 64% 
Pickup truck. cccccccccccces 64% 


The equipment operating cost distribution is 


Repair parts Fuel and lube Tires 

Asphalt paverecceccssecccecs 68% 32% - 
Rubber-tired, . 

self-propelled roller..... 43% 514 6% 
Steel -wheeled, 

tandem roller...ccrccceoee 502 504 - 
Rear-dump trucks 22% 634% 154 
Pickup truck. esscssesssone 8% 902 2h 


ADJUSTMENT FACTORS 


Supply Factor The supplies cost should be adjusted for changes in the base asphalt- 
concrete price. 


Equipment Factor Where it is necessary to purchase equipment, or have a subcontrac- 
tor perform the work, multiply the equipment operation cost obtained from the 


curve by the following applicable factor in order to obtain the total value of 
equipment expense for ownership and operation: 


Shifts per day.cccccecccces 1 2 a 
HaACEO atslclelelelalcieteielsicleleleteleretels 1.44 1.33 1.29 


Subcontractor Factor If a subcontractor is used, to compensate for the subcontrac- 
tor's markup, multiply the costs obtained from the curves by the following 
factors: 

Labor factor (F;) =1.5 
Supply factor (Fo) = 1.2 


Equipment operation factor (FR) = 1.2 
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8.1. INFRASTRUCTURE--CAPITAL COSTS 
8.1.2. GENERAL OPERATIONS 


8.1.2.1. MAIN POWER LINES 


If power is to be obtained from a local power company it is generally necessary to 
construct new facilities to connect the mine site to the existing power line net- 
work. This cost is usually borne by the mine company that desires to receive the 
service. For shorter distances and lower maximum power loads this may simply en- 
tail extending existing, medium voltage (13 to 24-kV) distribution lines. To sat- 
isfy greater loads over longer distances, however, it is necessary to construct 
higher voltage (115-kV) transmission lines as well as substations dedicated to 
serve the mine solely. The following tabulation will aid the evaluator in deter- 
mining the appropriateness of the various options to the particular case. 


Load 
Range (MV° A) 


Main power line distribution 







Maximum distribution line length, km 
24 kV 13 kV 









Substation costs 












0 
Qeoee 95,000 
Zee. 289,000 
630,000 
630,000 





Lat greater than 20 MV°A it is advisable to have the main substation at the 
mine site, thus only transmission lines are considered. 

Note.--MV°A(million volt amperes) = 1000kW; KV*°A(thousand volt amperes) = kW 
Both MV°A and KV°A are commonly used in the power generation industry to desig- 
nate power demand. 


LINE COSTS: 
Transmission lines $59,000/km 
Distribution lines $42,000/km 


It is important to understand that there is an inverse relationship between MV°A 
and maximum distribution line distances. Thus, in case 2, at 24 kV, the first or 
lowest load figure (4 MV°A) corresponds to the maximum distance figure (52 km) 
and the highest load to the lowest distance figure. 


It is also important to be aware of a few underlying assumptions regarding the five 
separate cases. Case 1 shows the power requirement range in which it is likely 
that existing distribution lines could supply the needed power. Thus there is no 
substation expense. The second and third cases assume that minor and major modifi- 
cations of an existing substation will be required, respectively. They also assume 
that new line needed will originate from that modified substation. For cases 4 and 
5 the large power requirements necessitate the construction of a completely new, 
dedicated substation. This facility will thus have to be fed by extending an ex- 
isting high voltage, transmission line. Im the instance of case 4 the site of the 
substation is as near the existing transmission line network as practicable; for 
case 5 the substation is assumed to be at the mine site. 
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The costs contained in this section assume that the power company that will be sup- 
plying the power will design and construct the line. Principal costs categories 
included are right-of-way purchase and clearing, access road construction, line and 
substation construction, permitting, and preconstruction design. 


The procedure for determining the system cost and requirements are as follows: 

1. Estimate the maximum power demand that the mine will require. If not available 
an estimate of this value may be made by the techniques contained in the appropriate 
mine and beneficiation electrical system sections contained in this handbook. It 

is recommended that, for estimating purposes, horsepower and kilowatts (or kilovolt 
amperes) be considered to be equivalent. Motor efficiencies as well as other system 
power losses generally account for much of the difference between the two units. 

2. Contact the probable power supplier to determine the "nearest useable source”, 
or likeliest point from which power may be obtained. Depending upon present loading 
within the system this may or may not be the nearest transmission or distribution 
line. 

3. Calculate the actual maximum distribution line length on the basis of the pro- 
jected load using the following equations: 


24kV load 


Maximum distribution line distance in kilometers = 210/(P) 


13kV load 


Maximum distribution line distance in kilometers = 77/(P) 
where P = power requirements, in megavolt amperes. 


4. Determine distribution line costs by multiplying the lesser of either the total 
length of line required or the maximum length of distribution line as calculated 
in step 3, by line cost per kilometer ($42,000). 

5. Estimate the transmission line cost by multiplying the remaining length of line 
needed by transmission line cost per kilometer ($59,000). Note that for greater 
than 20 MV°A it is recommended that transmission lines be installed for the en- 
tire distance. 

6. Based on MV°A, determine a substation cost from the previous tabulation and 

add this to the line costs already determined. The combination of line and substa- 
tion costs is the total main power line cost. 


BASE CURVE 
System costs have been graphed for three different line distances over the range 
(Xx) of 2 to 40 MV°A. These curves are included to aid the manual user that is 
interested in a very preliminary cost and desires to avoid the procedure outlined 


above for a more detailed cost determination. 


Freight charges from the east coast manufacturing plant to Denver, CO, for the 
major purchased equipment has been determined to be: 


Transformer —- 32 MGe ec 0 016 610 0 eb elelcte(s 6 eleleleiciele'c ice $7,500 


Oil breaker — 3 at 13 mt eCachececosceccscccees $9,600 


All other equipment and materials are considered to be locally available in Denver. 
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The total capital cost is based on single curves having power loads (X), in mega- 
volt amperes. The curves are valid for power loads of 2 to 40 MV°A. 


The capital cost derived from the curve is a combination of the following costs: 


Small Large 
(2 to (20 to 
20 Mv°A) 40 Mv°A) 
Construction labor cost..ec.e. 504 47% 
Construction supply cost..... 502 37% 
Purchased equipment coSt..c.e. - 164 


The 10 km main powerline capital cost is (Yc 19 KM LINE) = 207,826.608(xX)9+563 
and is distributed as follows: 


(L) Construction labor cost 


(Yr, 10 KM LINE-SMALL 
Yr, 10 KM LINE-LARGE) 


(S) Construction supply cost 
(Ys 10 KM LINE-SMALL) = 103, 913.304 (x)9- 563 


(Ys 10 KM LINE-LARGE) — 76,895. 844 (x) 9-563 


103, 913.304 (x)9+ 563 
97,678. 506 (x) 9-563 


(E) Purchased equipment cost 
(Yp 10 KM LINE-LARCED = 33,252 .257 (x) 0-563 


The 25km main powerline capital cost is (Yo 95 KM LINE) = 644,990.250(x)09-370 
and is distributed as follows: 


(L) Construction labor cost 


CY, 25 KM LINE-SMALL) 
(Yy, 25 KM LINE-LARGE) 


(S) Construction supply cost 
(Ys 25 KM LINE-SMALL) = 322,495.125(x)9+370 


(Ys 25 KM LINE-LARGE) 238, 646.392 (x) 9-370 


322, 495.125 (x)09-370 
303,145. 418 (x)9+370 


(E) Purchased equipment cost 
(Yr 25 KM LINE-LARGE) = 103,198.440(x)9-370 


The 50km main powerline capital cost is (Y¢ 59 KM LINE) = 1,526,363-387(x)9-278 
and is distributed as follows: 


(L) Construction labor cost 


(Yr, 50 KM LINE-SMALL? 
(Yy, 50 KM LINE-LARGE 


(S) Construction supply cost 
(Ys 50 KM LINE-SMALL) = 7635181.694(x)0-278 


(Ys 50 KM LINE-LARGE) 564, 754.453(x)9°278 


763,181.694(x)9°278 
717, 390.792 (x)9+278 


(E) Purchased equipment cost 
(Ye 50 KM LINE-LARGE) ~ 244,218.142(x)0-278 


COST, thousands of dollars 
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10 km line 0.563 
207,826.608(X) 


25 km line 0.37 
644,990.250(X) 


50 km line 0.278 
1,526,363.387(X) 


2 ka Xn S440 


10 100 
POWER LOAD, megavolt amperes 


8.1.2.1. Main power lines 


488 
8.1. INFRASTRUCTURE--CAPITAL COSTS 
8.1.2. GENERAL OPERATIONS 


8.1.2.2. PORTABLE POWER GENERATION 


This section is to be used in conjunction with section 9.1.2.2. when electrical 
power is unavailable through a commercial power utility company or when it would be 
uneconomical to run power distribution facilities to the user. No adjustments are 
necessary for the mine or mineral processing plant electrical system (sections 
2.2.4.2. and 4.2.5.3-, (IC 9142) and 6.1.8.4.) because output power matches the 
power input to the mine-processing plant transformer-switchgear substations. 


The cost shown is for acquisition and installation of the primary power source, 
either a horizontal-diesel or a gas-turbine operated generator. The cost curve is 
based on a single 60-Hz, three-phase electrical generator providing all power at 
the rated kilowatt output. This section should be included in the mine and/or min- 
eral processing plant capital cost totals. 


BASE CURVE 


The total capital cost is based on a single cost curve having an average continuous 
power output (X), in kilowatts. The curve is valid for generators between 18 to 
23,600 kW. The curve includes all costs associated with the acquisition, transpor- 
tation, and installation of single-unit generators. 


To convert from kilovolt amperes (kV°A) demand to kilowatt (kW) power output, es- 

timate power factor (PF). This may vary from 0.80 for electric motor circuits to 

1.00 for electric light circuits. The kilowatt power output is then determined by 
kV°A X PF = kw. 


The portable power generation costs derived from the curves are a combination of 
the following costs:: 


Horizontal diesel Gas turbine 
(18 to (2,900 to 
2,900 kW) 23,600 kW) 
Installation. labor. COSts se cw sic acces seis 214 21% 
Installation materials COSteccccccecee 204 204 
Purchased equipment COSt...ccccccscece 58% 59% 
Freight costecccccccccvccccccccscscccs 1% - 


Installation is assumed to be half labor and half materials. 


The total diesel-powered portable power generation capital cost is 
(Yo presEL) = 797-574(X)9°876 and is distributed as follows: 


(L) Construction labor cost (Yj, prrspr) = 167-491(x)9-876 
(S) Construction supply cost (Yg pyrgpr) = 159.514(x)09-876 
(E) Purchased equipment cost (Yp prrspr) = 470-568 (x) 9-876 
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The total turbine-powered portable power generation capital cost is 
(Yo TURBINE) = 2»251.219(x)9+872 and is distributed as follows: 


(L) Construction labor cost (Yq, cuRBINE) = 472-756 (x)9-872 


(S) Construction supply cost (Yg qyRBINE) = 450-244(x)0-872 


(E) Purchased equipment cost (YR TuRBINE) = 1328.219(x)09-872 


Power Output Determination For surface mine power output (kW), see electrical sys- 
tem (section 2.2.4.2. (IC 9142)). For underground mine and mineral processing 
plant power demand (kV°A), see electrical system (sections 4.2.5.3. (IC 9142) 
and 6.1.8.4.) 


ADJUSTMENT FACTORS 


Power Rate If power is to be supplied by more than one unit, the total power output 
should be divided by the number of required units to obtain the power output 
per unit (X) needed for entering the curve. After the unit cost has been cal- 
culated, the cost must be multiplied by the total number of units used. 


Power Source If geography or economics necessitate multiple power sites to support 
mines and mineral processing plants, portable power cost should be estimated 
separately for each site using this section. 


Shift Adjustment Adjustment for the number of operating shifts is implicit in the 
choice of the average continuous power output. 


Economic Life The normal economic life for generators is 25,000 h for units rated 
at 1,100-kW output or greater and ranges from 11,000 to 17,500 h for units 
rated at less than 1,100-kW output. If the units are operated at standby 
rates, roughly 104 over capacity, the economic life would decrease by 50%. If 
high-sulfur fuels are used, the economic life would be decreased by 252. 
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8.1. INFRASTRUCTURE--CAPITAL COSTS 


8.1.2. GENERAL OPERATIONS 


8.1.2.3. STOCKPILE STORAGE FACILITIES 


A stockpile storage facility provides sufficient storage capacity for a material 
until it can be further processed. A storage facility may also provide adequate 
reserve material to dampen surges in the material supply. Examples of materials 
stockpiled are smelter flux, coal, and coarse ore. For this base curve, capital 
cost is correlated to the live storage capacity of the stockpile facility. Live 
storage capacity of a stockpile is normally about 254 of the total stockpile capac- 
ity and 150% of the daily stockpile reclaim rate. The stockpile storage facility 
capital cost includes all costs associated with acquisition and installation of 
stockpiling conveyors, reclaim tunnels, reclaim feeders, and reclaim conveyors. 


BASE CURVE 
The total capital cost is based on a single cost curve having a live storage capac- 
ity (X), in metric tons. The curve is valid for 3,000 to 300,000 mt, operating two 
shifts per day. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost...... 13% 
Construction supply cost..... 364 
Purchased equipment cost..... 51% 


A typical breakdown of the major cost components is 


Reclaim feederS..cccccccccece 14% 
Stockpiling conveyor..-.ccceee 234 
Reclaim tunnelS.cccccccccccce 31% 
Reclaim COnVeyorSe.ccecccccvces 32% 


The total stockpile storage facility capital cost is (Yq) = 1,401. 013(xy0-598 
and is distributed as follows: 


(L) Construction labor cost (Yz,) = 182.132(x)9+598 


(S$) Construction supply cost (Ys) = 504.365(x)0+598 
(E) Purchased equipment cost (YR) = 714. 516 (x) 9-598 
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8.1. INFRASTRUCTURE--CAPITAL COSTS 
8.1.3. LOADING FACILITIES 


8.1.3.1. LOAD-OUT FACILITIES 


Load-out facility capital costs are based on the equipment needed to transport, 
store, and load-out for shipment concentrates from a mill via truck or train. 
Total storage capacity is equal to 2 days production of the concentrate from the 
mill. The load-out facility capital cost includes all costs associated with 
acquisition and installation of conveyors, storage bins, and bucket elevators. 
This curve is chiefly applicable to low-grade deposits, such as copper or molyb- 
denum deposits. As such, it will cover operations which mine between 2,000 and 
60,000 mt of ore per day. The total capital cost is based on a single cost curve 
having on a production rate (X), in metric tons of concentrate transferred from a 
mill to storage bins in a 24-h period. The curve is valid for operations between 
150 and 1,500 mtpd, operating one shift per day. 


BASE CURVE 


The load-out facility capital cost derived from the curve is a combination of the 
following costs: 


Construction labor CoSt.e.eccocee 112 
Construction supply coSt...e.ee- 31% 
Purchased equipment COSt..coce.e 58% 


A typical breakdown of the load-out facility's major cost components is 


Bins and activatorS.ccccccececce 78% 
Bucket elevators. cececsecceb ce cle TBA 
CONVEYOTB. cccccsccccccccccccce 154 


The total load-out facility capital cost is (Yq) = 5,923-123(x)9-568 and is 
distributed as follows: 


(L) Construction labor cost (Y,) = 651.543(x)9-568 


(S) Construction supply cost (Yoje= 1,836-168(x)9-+568 


(E) Purchased equipment cost (Yg) = 3,435.411(x)0-568 


ADJUSTMENT FACTOR 


Secondary Concentrate Loadout Milling operations often recover and concentrate sec- 
ondary minerals such as molybdenum and uranium. The quantities recovered are 
seldom large in comparison to the primary mineral, running between less than 1 
up to 125 mt per day. The basic facilities used for loading out such material 
usually consist of a small storage bin, a vibrating conveyor for filling 37 to 
55 gal drums, a roller conveyor for transporting drums, and a fork-lift for 
loading drums into trucks or rail cars. These types of facilities are not in- 
cluded in this cost curve. If such operations occur at the proposed mill, the 


curve must be adjusted accordingly. 
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COST, thousands of dollars 
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CONCENTRATE, metric tons transferred per day 
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8.1. INFRASTRUCTURE--CAPITAL COSTS 
8.1.3. LOADING FACILITIES 


8.1.3.2. OFF-LOADING FACILITIES 


Off-loading facility capital costs are based on installation of equipment used in 
transporting ore from a reception point to storage bins adjacent to the mill during 
a two-shift-per-day operation. Storage capacity is between 800 and 12,000 mt of 
ore. Examples of the types of material stored would be coarse metallic ore, crush- 
ed limestone, and coal. For situations where larger storage facilities are needed, 
see the section 8.1.2.3., stockpile storage facilities. Off-loading facility capi- 
tal costs includes all costs associated with acquisition and installation of the 
conveyors, feeders, and storages bins required for this task. 


The total capital cost is based on a single cost curve having on a production rate 
(X), in metric tons of ore off-loaded and stored in bins for use by the mill per 
day. The curves are valid for operations between 800 and 12,000 mtpd, operating 
two shifts per day. 


BASE CURVE 


The off-loading facility capital cost derived from the curve is a combination of 
the following costs: 


Construction labor cosSt...... 43% 
Construction supply cost..... 45% 
Purchased equipment cost..... 12% 


A typical breakdown of the off-loading facility's major cost components is 


Bins and activators. .ecce. 84% 
Conveyors and feeders..... 13% 
Ramps and retaining walls. 3% 


The total off-loading facility capital cost is (Yc) = 6,690.983(x) 9-580 and is 
distributed as follows: 


(L) Construction labor cost (Yz,) = 2,877.123(x)0-580 


(S) Construction supply cost Cie) a= 3, 010.942 (x) 9-580 
(E) Purchased equipment cost (Yg) = 802. 918 (x) 9-580 
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COST, thousands of dollars 
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8.1. INFRASTRUCTURE--CAPITAL COSTS 
8.1.4. TRANSPORTATION 


8.1.4.1. AERIAL TRAMWAY 


The capital cost curve for the aerial tramway is for the acquisition and installa- 
tion of equipment for transporting ore or waste material over a slope distance of 
3.0 km at a slope angle of 15°. The bulk density of the material was assumed at 
1,442.5 kg/m3 (92.0 1b/ft3). The aerial tramway system includes loading bin, 

apron feeders, tram cars, track and haulage ropes, loading and unloading terminals, 
anchor towers, intermediate (pivoted) towers and the driving unit(s). 


The total capital cost is based on a single cost curve having a tramming rate (X), 
in metric tons of material moved per day. The curve is valid for a production 
range of 2,040 to 13,800 mtpd, operating three shifts per day. The curve includes 
all costs associated with the acquisition and installation of the equipment re- 
quired for loading, unloading, tramming, and driving units. 


BASE CURVE 
The capital cost derived from the curve is a combination of the following costs: 


Installation labor coOStececceee 19.04 


Installation materials cost... 4.8% 
Purchased equipment coSt...... 73.5% 
Transportation COStececcccccecs 2.74 


The total aerial tramway capital cost is (Yq) a 208,182.537 (x)0+385 and is dis- 
tributed as follows: 


(L) Construction labor cost (Yz) = 39,554.682(x)0-385 


(S) Construction supply cost (Yg) = 9,992.762(x)9+385 
(E) Purchased equipment cost (Yp) = 158, 635.093(x)9+385 
ADJUSTMENT FACTORS 


Tramway Length Factor The curve is based on an aerial tramway of 3 km in slope 
length. To adjust for a different aerial tramway length, multiply the cost ob- 
tained from the base curve by the following factor: 


Length factor (Yyz,) = 0.233(L)+0.302 
where L = slope length, in kilometers (not to exceed 20 km). 


Bulk Density Factor The base curve was calculated with a material bulk density of 
1,442.5 kg/m? (92 1b/ft3). To adjust the base curve for a different bulk 
density, multiply the base curve by the following factor: 


Bulk density factor (Yp) = 1.043-[0-.00003(D) ] 
where D = bulk density, in kilograms per cubic meter. 
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8.1. INFRASTRUCTURE--CAPITAL COSTS 
8.1.4. TRANSPORTATION 


8.1.4.2. AIRSTRIP CONSTRUCTION 


Airstrip construction cost curves give the cost per meter length of basic utility 
airstrips varying in width from 10 meters to 40 m. The airstrip described accom- 
modates light single-engine and small twin-engine airplanes used for personal and 
business purposes, plus a broader spectrum of small business and air taxi-type twin- 
engine airplanes. These aircraft include the Cessna 150 series, Piper PA-32-300 
Commander Six, Rockwell International 114 Commander, Beech B55 Baron, Cessna 310, 
and Piper PA-23-250 Aztec. 


BASE CURVE 


The total capital cost per meter length is based on a single cost curve having an 
airstrip width (X), in meters. The curve is valid for widths of 10 to 40 m, opera- 
ting one shift per day. Two surface options are offered, aggregate and asphalt. 
Not included in this curve are costs for acquisition or clearing of airstrip site, 
and hauling or rough leveling of fill materials. Both aggregate and bituminous as- 
phalt strips include base preparation (grading and rolling). ‘The aggregate surface 
includes a base course of 1.9-cm stone, 15 cm deep followed by final grading and 
rolling. The asphalt surface consists of 31.9-cm stone 10.2 cm deep underlying 
3.8-cm rolled asphalt. No equipment capital costs are incurred. A 5% contingency 
of total capital cost covers ancillary airstrip facilities such as gas storage and 
pump, airstrip end and lateral markings, wind direction apparatus, and one T-hangar 
as needed. 


The capital cost derived from the curve is a combination of the following costs; 


Aggregate Asphalt 
Construction labor cost...ccce 20% 164 
Construction materials cost... 804 84% 


The total asphalt airstrip capital cost is (Yc aspyazp) = 5-686(X)1-900 and is 
distributed as follows: 


(L) Labor operating cost (Yq, aspyart) = 0-910(x)1-000 


(S) Supply operating cost (Yg aspyarr) = 4-776(x)1-000 


The total aggregate airstrip capital cost is (Yo accREGATE) = 3°471(x)1+905 and 
is distributed as follows: 


(L) Labor operating cost (YI, AGGREGATE) = 0.694 (x)1-005 


(S) Supply operating cost (Ys AGGREGATE) = 2.776 (x)1-005 
ADJUSTMENT FACTORS 


Runway Length Factor Runway length requirement is primarily dependent on anticipat- 
ed aircraft use, temperature, and elevation. Aircraft type used in the cost 
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curve is described above. For convenience, an equation was derived to deter- 
mine length requirement when the elevation of the airstrip is known. The equa- 
tion is based on maximum temperature of 38C (100F). To adjust the base curve 
for different lengths and elevations, multiply the cost obtained from the base 
curve by the following factor: 


Runway length L = 891.915e 60-0005) (E) 
where L = airstrip length, in meters, 
and E = elevation, in meters. 


Runway Width Runway width requirement varies with wingspan of anticipated aircraft 
using the airstrip. An 18 m wide landing strip will accommodate the aircraft 
mentioned. This width is advised for airstrip predesign costing. Actual width 
should be used when calculating capital costs of existing airstrips. 


Land Requirements Factor For estimation of land acquisition and clearing require- 
ments for airstrip landing area (includes airstrip pad, and lateral-terminal 
clearances), use the following equation: 


Land area requirement in hectares A = 0.012(L)+1.820 
where L = airstrip length, in meters. 


Subcontractor Factor If a subcontractor is used, multiply the curves by the follow- 
ing factors: 


Labor factor (F,) =1.5 


Supply factor (Fg) = 1.2 


COST, dollars per meter length 
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8.1. INFRASTRUCTURE--CAPITAL COSTS 
8.1.4. TRANSPORTATION 
8.1.4.4. RAILROAD CONSTRUCTION 
The cost in this section covers the capital expense for laying standard-gage track- 
age for main lines and spurs. The cost reflects railway installation by a crew 
that works on a one-shift-per-day schedule; furthermore, the cost is based on 
trackage that is fully ballasted. 

BASE CURVE 
The total capital cost is based on a single cost curve having a railroad length 
(X), in total kilometers. The curve is valid for a length range of 1 to 60 km, op- 
erating one shift per day. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost...... 264 
Construction supply cost..... 69% 
Purchased equipment cost..... 54% 


The total railroad construction capital cost is (Yc) = 188,530.000(x)1-900 ana 
is distributed as follows: 


(L) Construction labor cost (Yz,) = 49,017.800(x)1-000 
(S) Construction supply cost (Yg) = 130,085.700(x)1-900 


(E) Purchased equipment cost (Yas 9,426. 500(x)1-000 
ADJUSTMENT FACTORS 


Ballast Factor For the installation of standard-gage trackage without ballast, mul- 
tiply the cost obtained from the base curve by the following factor: 


Ballast factor (Fp) = 0.85 


Roadbed Construction For construction expenses resulting from roadbed clearing, 
excavation, and drilling-blasting, refer to access roads sections (8.1.1.1.- 
8.1.1.3.) and apply a roadway width of 6.1 m to the applicable cost equations; 
the additional railway expenses so derived should then be added to this sec- 
tion's capital cost. 


Equipment Factor When it is necessary to purchase equipment or to have a subcon- 
tractor perform the work, multiply the equipment operation value by the follow- 
ing factor in order to obtain the total value of equipment expense for owner- 
ship and operation: 


Equipment operation factor (Fr) = 1.7 
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Subcontractor Factor If a subcontractor is used, to compensate for the subcontrac- 
tor's markup, multiply the costs obtained from the curves by the following 
factors: 
Labor factor (F,;) =1.5 
Supply factor (Fg) = 1.2 


Equipment operation factor (Fy) = 1.2 
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8.1. INFRASTRUCTURE--CAPITAL COSTS 
8.1.4. TRANSPORTATION 


8.1.4.5. LONG-DISTANCE SURFACE CONVEYOR 


The cost curve shown is for the acquisition and erection of a long-distance surface 
conveyor. The conveyor is a single-flight belt conveyor made with high strength 
steel belting. The conveyor is designed for a 10° slope and 1-km distance. Usu- 
ally, the material is crushed or screened at the mine site before being conveyed. 
Screen and crusher capital costs are not included in this cost but are covered in 
separate sections. 


BASE CURVE 


The total cost is based on a single cost curve having a production rate (X), in 
metric tons per day. The curve is valid for production rates of 15,000 to 150,000 
mtpd, operating three shifts per day. The curve includes all costs associated with 
acquisition, installation of the belt, idlers, motors, channel, and frame, and site 
preparation. 


The long-distance surface conveyor capital cost derived from the curve is a combin- 
ation of the following costs: 


Construction labor cost...... 31% 
Construction supply cost..... 5% 
Purchased equipment cost... 64% 


A typical breakdown of a long distance surface conveyor major cost components is 


Conveyor belteccccccccccccccccece 364 
Idler assembly unitS..ccccccccces 44% 
Motors, drive trains, belt cleaners, 

and other mechanical items....... 204% 


The total long distance surface conveyor capital cost is (Yc) = 81, 292.281(x)0-309 
and is distributed as follows: 


(L) Construction labor cost (Yqz) = 25,200.607(x)9-309 


(S) Construction supply cost oja= 4,064. 614 (x) 9-309 
(E) Purchased equipment cost (Yg) = 52,027.060(x)9+309 


ADJUSTMENT FACTORS 


Shift Adjustment The curve is based on a three-shift operation. To adjust the capi- 
tal cost for a different number of daily operating shifts, multiply the actual 
daily tonnage (X) by the ratio of the base number of shifts (three) divided by 
the number of desired shifts. Then, use this modified tonnage in place of (X) in 
the above cost equation to obtain the adjusted cost. 
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Conveyor Length and Slope Factor The conveyor is 1-km long and has a 10° slope. 
For other lengths and slopes, multilpy the cost obtained from the base curve by 
the following factor: 


Conveyor length and slope factor (Fy) = [0.917+0.00940(S)][L/1] 
where L = length, in kilometers 

and S = slope, in degrees, between 0° and 15°. 

The cost for a decline conveyor is equal to that for a horizontal conveyor 
(0° slope). 


Stacker-Tripper Factor If the material is conveyed to a processing plant or other 
end point such as a port facility, the capital cost for unloading from the con- 
veyor is included in those sections. If the material is waste rock, then the 
cost for a tripper or stacker should be added to the estimated capital cost. 
Costs for these items vary greatly but can range from $600,000 for a stacker or 
tripper that handles 15,000 mtpd waste material to $5,000,000 for a stacker or 
tripper that handles 150,000 mtpd of waste rock. 


Belt Life The conveyor belt, 364 of equipment cost, has an average wear life of 8 
to 10 yr of use, based on three shifts per day, 350 operating days per year, and 
depending on the abrasiveness of the material. The total replacement of the belt 
is standard procedure after excessive wear. 


COST, thousands of dollars 
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8.1. INFRASTRUCTURE--CAPITAL COSTS 
8.1.4. TRANSPORTATION 


8.1.4.7. MARINE TERMINAL 


The curve applies to costs for a deep-water, export, bulk ore marine terminal. 
Costs include basic operations of rail or barge receiving, storage (open), reclaim- 
ing, and ship-loading. Ore storage, with capability to mix different ore grades, 
has a capacity of 10% of annual throughput. It is assumed that soil conditions are 
good. Significant additional costs will be incurred under conditions of poor site 
soil (e.g., swamps, etc.) and shallow water (dredging required). Additionally, a 
requirement for covered storage will significantly add to capital costs. Capital 
costs do not include land acquisition, legal and permitting fees, finance charges, 
off-site alterations, and engineering and construction management fees (the latter, 
typically 8% of total direct costs). 


BASE CURVE 


The total capital cost is based on a single cost curve having on an annual capacity 
of (X), in metric tons of material. The curve is valid for capacities between 0.9 
and 16 million mt, operating three shifts per day. 


The ratios of supply and equipment to labor will vary greatly depending principally 
on the civil requirement from project to project. 


The total marine terminal capital cost is (Yq) = 51.124 (x)0-892 
ADJUSTMENT FACTOR 


Density (Loose) Factor Lightweight commodities occupy more space and thus require 
larger handling equipment than more dense commodities. Therefore, an adjust- 
ment is required to lower the capital cost for a terminal designed to handle 
more dense (higher loose density) commodities and to increase the capital cost 
of a terminal designed to handle commodities of less loose density. To adjust 
the base curve for differences in weight per unit volume, multiply the cost ob- 
tained from the curve by the following factor: 


Density factor (Fp) = 3.418(D)—0-167 
where D = loose density, in kilograms per cubic meter, 


See table A-2 for loose densities. 


509 


Infrastructure—Capital Costs 


- 
x< 
—_Z 
<< 
N 
oa 
- 
Ww) 
© 
> 





SIDIJOP JO SUOIW “1SOD 


100 


10 


MATERIAL CAPACITY, millions of metric tons per year 


8.1.4.7. Marine terminal 


510 
8.1. INFRASTRUCTURE--CAPITAL COSTS 
8.1.4. TRANSPORTATION 


8.1.4.8. SLURRY PIPELINE 


The capital cost curve for the slurry pipeline is for the acquisition and installa- 
tion of equipment for pumping a slurry 10 km at a lift of 150 m with a specific 
gravity of the solids of 4.3. The slurry pipeline circuit includes slurry storage 
tanks, booster and high-pressure slurry pumps, and the pipeline. 


The total capital cost is based on a single cost curve having a daily adjusted feed 
rate (X), in metric tons material slurried per day. The curve is valid for a pro- 
duction range of 900 to 32,000 mtpd, operating three shifts per day. The curve in- 
cludes all costs associated with the acquisition and installation of the required 
pumps, agitators, slurry tanks, and pipeline. 


BASE CURVE 


The slurry pipeline capital cost derived from the curve is a combination of the 
following costs: 


Installation labor coSteccccecee 11.82 


Installation materials cost.... 32.9% 
Purchased equipment CoSt..-cee. 54.64 
Transportation COSteccccccccces 0.7% 


The total slurry pipeline capital cost is (Yc) = 21,021.709(x)9-546 and is dis- 
tributed as follows: 


(L) Construction labor cost (Yz) = 2,480.562(x)0-546 


(S) Construction supply cost (Ys) = 6, 916.142 (x) 9-546 
(E) Purchased equipment cost (Ype= 11,625.005(x) 0-546 


ADJUSTMENT FACTORS 


Pipeline Length Factor The curve is based on a slurry pipeline of 10 km in length. 
To adjust the base curve for different slurry pipeline lengths, multiply the 
cost obtained from the curve by the following factor: 


Length factor (Fy) = 0.026(K)+0.741 
where K = length, in kilometers. 


See table A-3 for average pipeline lengths. 

Slurry Pipeline Lift Factor The base curve was calculated for a slurry pipeline 
with a lift of 150 m. To adjust the base curve for a different lift, multiply 
the cost obtained from the curve by the following factor: 


Lift factor (F,) = 0.0009 (L)+0. 871 
where L = length, in meters. 
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Specific Gravity Factor The base curve was calculated for a slurry pipeline pumping 
solids with specific gravity (S.G.) of 4.3. To adjust the curve for a differ- 
ent specific gravity, multiply the cost obtained from the curve by the follow- 
ing factor: 


Specific gravity factor (Fs) = 0.023(S)+0.903 
where S = new specific gravity. 


See table A-3 for average specific gravities. 
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8.1. INFRASTRUCTURE--CAPITAL COSTS 


8.1.5. TOWNSITE 


The following housing costs are for a typical average quality park based on using 
trailers or manufactured mobile home housing containing between 150 and 200 units. 
Costs are quoted per individual housing unit. Costs are factored by using the 
Bureau of Labor Statistics Industrial Materials Cost Index. Site costs do not in- 
clude land site acquisition, construction of utility trunk lines to the site, ora 
wastewater treatment plant. Wastewater disposal uses a septic tank and drain field; 
however, transportation and setup costs to areas within 100 miles of Denver, CO, 

are included. 


TYPICAL AVERAGE SITE COSTS FOR FAMILY OR BACHELOR UNIT 





Bachelor 
Site preparation (typical avg. area 410 m“).ccccccccceee 320 
Streets (7.9- to 9.8-m wide, 7.6-cm asphalt or 7.5-cm 
Brave meavCd sOTeCUTDGdi) + pwicc a sis cle os 4 cess sas ciele ¢ oessie e 270 
Da Lom eA VWa LK Gsclets <c1e'p ip e's cleo ¢ 6/016 6 1610 0 o'o'e b ehstatelee es otete 200 
Septic tank, includes drain fields... ssc ccc o divletsts ous ctite 750 
Water, connected CoO unite ccccccccccccccccccsccccccccccce 550 
Gas, low-pressure, COnNeCted.ceccccccccccccccccccccccccecs 310 
Electrical, 80- to 150-A connected service to each 
List etpiatoteleietais s/e's.0 ete els aterelc stele (e's s 661 a\e'b 0 e/a e's e1e'eie © 44/6/66 67! 6 890 
Office, recreation, laundry.ccccccccccccsccccccccccccccs 15250 
Mae Itetele tela e's clels la lateloreleiclate sie'sle ccerele'e late lols sie ele ecetetelete oe excels 4,540 


The following adjustment factors should be applied to the total typical ‘average' 
site cost where either quality or quantity differs. 


Site preparation adjustment multipliers to total typical average'site cost are 
as follows: 


Quality 
Description factor Quantity Factor 
Low quality 0.70 40- 80 1.07 
(300 m2/space) 80-125 1.00 
150-250 0.92 
Average 1.00 50-125 15270 
(410 m2/space) 150-200 1.00 
250-300 0.95 
Good 1.30 50-150 1.10 
(520 m2/space) 175-200 1.00 


250-350 0.97 
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In addition, the following accessories may also be required: 


Skirting at base of trailer... @eeoeaoeve0e02e2e2e28208088080 0 $620.00 


Landing and STEPSecccccccccccccccccccssesscccs 360.00 
Canopies over landingsS.cccccrccccccccvcscccccs 550.00 
Air conditioning--using existing heater....... 840.00 


HOUSING UNITS 


Family Units-—-With living, dining, kitchen, bath, and sleeping facilities for 
two adults and two to four children. Cost is for typical average quality. 


Single-wide (4.27m by 19.50m).ccccccceees $15,400 
Double-wide (7.31m by 14.63m)..ccecceceee $26,400 


Quality adjustments to the single-wide, double-wide basic costs are made by 
multiplying the above housing unit average quality costs by the following 
factors: 


Low quality 
Single-wide..ccee Tek 2 
Double-wide.....- 1.16 
Average 
Single-wide....e.. 0.90 
Double-wide...... 0.87 
Excellent quality 
Single-wide...ee. NER IAS 
Double-wide....e.- 1.34 


Quantity adjustments--For quantities greater than 10 units, decrease overall 
costs by 104. 


Snowload adjustment--For areas of heavy snowfall, increase basic unit costs 54 
for increased roof support design. 


Bachelor Units--Consisting of single person motel-style rooms with a kitchen 
and dining room. Rooms share a centrally located restroom and shower facility. 
Cost is for typical average quality. 


Bachelor Unit cic c.0.0 elels shetsle cfs 0 0 e.cle sic clstea elu stervele ats $15,000 
Number of persons adjustment--Per person cost is based on housing 400 person- 
nel. Lodging capital costs for greater than 500 people, decrease costs by 104. 
Increase costs by 154 for less than 300 and 20% for less than 200. 

PRIMARY UTILITIES 
Electrical, cost per linear meter: 


Main overhead electric powerlines..ecccscccccs $26.32/linear m 
Lateral overhead lineS. ccccccccssccsscccccsccs $ 8.25/linear m 
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Water 
Main, 15.24 cm plastic (add or deduct 
$5.75 per 2.54-cm diam.)eccccccccccccccccees $35-80/linear m 
TALEYA le D4UCUle es oe cerns clectegnls ce tees soe es 6) S17 022/ linear: @ 
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8.1. INFRASTRUCTURE--CAPITAL COSTS 
8.1.6. WASTEWATER TREATMENT 


8.1.6.1. CLARIFICATION 


Clarification capital cost is for the acquisition and installation of equipment for 
water clarification and softening by precipitation and/or coagulation. The all 
metal solids-contact clarifier combines into one operation--quick mixing, floccula- 
tion, clarification, and sludge thickening. The unit will selectively or simultan- 
eously remove turbidity, color, organic matter, manganese, iron, hardness, alkalin- 
ity, taste, and odor. The cost curve is based on clarifiers ranging in diameter 
from 2.74 m to 45.72 m (cross-sectional area ranging from 5.9 to 1,642 m*). 


BASE CURVES 


Total cost is based on a single cost curve having a tank diameter of (X) in meters. 
The curve includes all costs associated with acquisition and installation of con- 
crete pad, clarifier structure, and control-monitor equipment for sludge level and 
sludge density control. 


The total clarification capital cost derived from the curve is a combination of the 
following costs: 


Construction labor cost..e... 19% 
Construction supply cost..... 5% 
Purchased equipment cost..... 764% 


The total clarification capital cost is (Yq) = 15,631.070(x)9-991 and is dis- 
tributed as follows: 


(L) Construction Labor Cost (Yz) = 2,969.910(x)9-991 


(S) Construction Supply Cost (Yg) = 781.550(x)9-991 


(E) Purchased Equipment Cost (Yp,) = 11,879. 610(x)9-991 


Note--Sizing, of clarifier is based on one principal parameter——'rise rate', the 
vertical velocity of the stream through the clarifier. If the diameter or cross- 
sectional area of the clarifier is unknown, and the feed flow rate is known and the 
rise rate is assumed to be 0.015 m/min, then the diameter (D), or equivalent cross- 
sectional area, of the clarifier can be estimated with the equation: 


Clarifier diameter (D) = 1.128[ (Q)/(R)]9+500 
where R = rise rate, in meters per minute, 
and Q = design flow rate, in cubic meters per minute. 
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8.1. INFRASTRUCTURE--CAPITAL COSTS 
8.1.6. WASTE WATER TREATMENT 


8.1.6.2. NEUTRALIZATION 


The Environmental Protection Agency's publication EPA-600/2-82-00/d "Treatability 

Manual, Vol. IV, Cost Estimating," April 1983, was the source of cost development. 

One is referred to this manual if further detail in neutralization costs is needed. 
Additionally, other waste water treatment methods are costed in this EPA manual. 


The capital cost curves cover neutralization of waste water effluent (out-of-pipe) 
when required. The basic design variable is waste water flow. Applicability of 
the curves are for effluent to be neutralized that ranges in volume from 0.001 to 
876 L/s (22.8 gal to 20 million gal/d). It is assumed that flow equalization is 
provided by a tailings pond. The costs apply to the neutralization of either acid- 
ic or basic waste water streams originating from mine, mill, or combined mine and 
mill after it flows ‘out-of-pipe' from the central impoundment pond. In most min- 
ing operations further waste water treatment costs are not required. The system 
consists of chemical addition and two-stage neutralization tanks. It is assumed 
that pH and suspended/dissolved solid content of influent to the system will be un- 
known at this level of costing. Basis of design uses a standard dosage of 100 mg/L 
lime and 100 mg/L acid to achieve a pH of 7.0 over a pH range of 6.5 to 8.0. 


BASE CURVES 


Total costs are described by two sets of cost curves based on daily average waste 
water flow rate (X), in liters per second. The curves include all costs associated 
with the construction of the treatment facility including mixing tank, attenuation 
tank, chemical storage, agitators, piping, electrical, and instrumentation. These 
costs are distributed as follows: 


Construction labor coSst.cecoc. 22% 
Construction supply coSt..ecec. 134 
Purchased equipment coSt..... 654 


For waste water effluent rates between 0.001 to 8.76 L/s the capital cost is 
(Ye 0.001-8.76 L/s) = 123,144.490(x)9°994 and is distributed as follows: 


(L) Construction Labor Cost (Yq, 9,901-8.76 L/s) = 27:091-780(x)0-094 
(S) Construction Supply Cost (Yg 9,001-8.76 L/s) = 16, 008.780 (x)9-094 


(E) Purchased Equipment Cost (Yp 9.001-8.76 L/s) = 80,043-930(x)0-094 


For waste water effluent rates between 8.76 to 876 L/s the capital cost is 
(Yo 8.76-876 L/s) = 26,346.39(X)9-562 and is distributed as follows: 


(L) Construction Labor Cost (Y;, 8.76-876 L/s) = 5,796.21(x)0+562 


(S) Construction Supply Cost (Yg 8.76-876 L/s) = 3,425.03(Xx)9+562 


(E) Purchased Equipment Cost (Yp 8.76-876 L/s) = 17,125.15(x)0+562 
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9.1. INFRASTRUCTURE--OPERATING COSTS 
9.1.2. GENERAL OPERATIONS 


9.1.2.2. PORTABLE POWER GENERATION 


This section is to be used in conjunction with section 8.1.2.2. when electrical 
power is unavailable through a commercial power utility company or when it would be 
uneconomical to run power distribution facilities to the user. The total cost per 
kilowatt hour replaces the commercial Denver, CO, power rate used in other sections 
of this manual. 


These curves cover the cost of power production from a single portable power unit 
(see adjustment factor for multiple units) ranging from a small diesel generator 

with less than 100 kW output to a large gas turbine producing more than 20,000 kW 
of power. 


Total cost is expressed in terms of dollars per kilowatt hour for a specific power 
output. The curves cover the cost of labor for overhauls and normal repairs, parts 
for overhauls and normal repairs, and fuel and lubrication costs. The curves have 
been divided into three parts: the first part covering horizontal diesel generators 
from 18 to 400 kW output, the second part covering horizontal diesel generators 
from 400 to 2,900 kW output, and the last part covering gas turbine generators from 
2,900 to 23,600 kW output. 


Total cost is the sum of two separate cost curves (labor and equipment operation) 
based on a specific power output rating (X), in kilowatts. The curves are valid 
for generators between 18 to 23,600 kW. The curves include all daily operating and 
maintenance costs associated with power production per generator unit. 


BASE CURVE 


To convert from kilovolt ampere (kV°A) demand to kilowatt power output estimate 

the power factor (PF). This may vary from 0.80 for electric motor circuits to 1.00 
for electric light circuits. The kilowatt output is then determined by kV°A x PF 
= kW. (Power Output Determination - for surface mine power output (kW), see sec- 
tion 2.2.4.2., (IC 9142). For underground mine and mineral processing plant power 
demand (kV°A), see sections 4.2.5.3., (IC 9142) and 6.1.8.4.) 


(L) Labor Operating Cost (Yq, 18-400 kw) =_0-169(x)~0-466 
(Yz, 400-2,900 kw) = 0-409 (Xa 2 gy 
(Yr, 2,900-23,600 kW) = 0-008(x)~9* 


The operating labor costs are distributed as follows: 


Direct LADOL Hc F428 @ Sei while oo 0% 
Maintenance labor. eoeeeceeee 1004 
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The labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
MechaniCSsccs «secs ceceae es 1004 $18.11 


The average wage for labor is $18.11 per worker-hour (including burden and 
average shift differential). 


The labor curves do not contain any operating labor costs since all units oper- 
ate unattended in an automatic mode (some smaller units may not have automatic 
starting systems and would require a manual start). The only labor necessary 
is that which is required for maintenance and scheduled overhauls by mechanics. 


(E) Equipment Operation Costs (Yp 18-400 kw) = 0.145 (x)70- 075 
(Yz 400-2,900 kw) = 0.158 (x) 0-070 


(YE 2,900-23,600 kw) = 0-131(x)~0-122 


The general equipment operating cost component distribution is as follows: 


Repair parts Fuel and lube Tires 
Horizontal diesel: 
18-400 kW 18.04 734 9% 
400-2,900 kW 12.04 7 9% 9% 
Gas turbine: 
2 ,900-23,600 kW 11% 754% 142% 


The parts category includes normal maintenance parts such as belts and pumps, 
and major overhaul items such as valves, injectors, brushes, and commutators. 
The fueling cost is based on $1.00/gal diesel fuel (at 7.093 1b/gal) or 
$3.20/1,000 ft3 of natural gas with a Btu rating of 1,050 Btu/ft’. 


ADJUSTMENT FACTORS 


Sulfur Fuels Factor If high sulfur fuels are used, multiply the labor and parts 
costs by the following factor: 


Sulfur fuels factor (Fy) = 1.333 


Power Rate If power is to be supplied by more than one unit, then the total power 
output should be divided by the number of required units to obtain the power 
output per unit (X) needed for entering the curves. 


Power Source For those cases where power is supplied to the mine and mineral pro- 
cessing plant from different sources as a result of geographic or economic con- 
straints, separate cost estimates, using this section, must be made to reflect 
the independent power outputs. This will result in different power costs for 
mines and mineral processing plants and must be accounted for separately in the 
mining and mineral processing sections of this manual. 
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9.1. INFRASTRUCTURE--OPERATING COSTS 
9.1.2. GENERAL OPERATIONS 


9.1.2.3. STOCKPILE STORAGE FACILITIES 


Stockpile operating costs, as determined in this section, are based on metric tons 
of stockpiled material reclaimed during a two-shift-per-day operation. The costs 
represented are only applicable for stockpiles formed and reclaimed by conveyors. 
The daily reclaim rate is typically about 67% of the stockpile's live storage ca- 
pacity. Total stockpile capacity is normally about 600% of the daily reclaim rate. 
For example, a coarse ore stockpile for a mill operating at 10,000 mtpd of ore has 
a live storage capacity of about 15,000 mt and a total stockpile capacity of 60,000 
mt. 


Total operating cost is the sum of three separate cost curves (labor, and supplies, 
equipment operation) based on the production rate (X), in metric tons material re- 
claimed from the stockpile per day. The curves are valid for operations between 
2,000 to 200,000 mtpd, operating two shifts per day. 


BASE CURVES 


(L) Labor Operating Costs (Y z) = 7.229(x)0-503 
The operating labor costs are distriputed as follows: 


Direct ‘aDOLieleletane eetete ec etec ere 332% 
Maintenance laborececccccce 674% 


The labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
MéchaniG....s<cisscecee ce ccs 72.0% $17.99 
Conveyor OperatOr. cocecececce 14.82 14.89 
LabOre Te. s «ss + vjelsee clete ste ets 13.24 13.26 


Average operating labor cost per worker-hour is $16.91 (including burden and 
average shift differential). 


(S) Supply Operating Costs (Yg) = 0.019(x)09-928 
The supply cost consists of 100% electric power. 


(E) Equipment Operating Costs (Yp) = 4.643(x)0-524 


The equipment operating cost consists of 94% for repair and maintenance parts 
and 64 for lubrication. 


ADJUSTMENT FACTORS 


Shift-Reclaim Rate If a stockpile facility is operated one shift per day, multiply 
the daily reclaim rate by two; calculate the operating costs from the base 
curves using the adjusted reclaim rate; then decrease the calculated cost by 
50% to arrive at the adjusted cost. If the facility is operated three shifts 
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per day, multiply the daily reclaim rate by 0.67; calculate the operating costs 
from the base curves using the adjusted reclaim rate; then increase the calculated 
cost by 50% to arrive at the adjusted cost. 
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9.1. INFRASTRUCTURE--OPERATING COSTS 
9.1.3. LOADING FACILITIES 


9.1.3.1. LOAD-OUT FACILITIES 


The load-out operating costs represented are only applicable for concentrates 
stored using a conveyor, bucket elevator, and elevated storage bin system. The 
storage bins are capable of holding a 2-day supply of mill concentrate output, and 
are emptied every other day into 45 mt trucks or 90 mt railcars for delivery to the 
smelter. An example of the type of materials stored would be copper or molybdenum 
concentrates. 


The total cost is the sum of the three separate cost curves (labor, supplies, and 
equipment operation) having on a production rate (X), in metric tons of concentrate 
transferred from a mill to storage bins in a 24 h period. The curves are valid for 
operations between 150 and 1,500 mtpd, operating one shift per day. 

BASE CURVES 


(L) Labor Operating Costs (Y,) = 71.565(x)0-145 
The operating labor costs are distributed as follows: 


Direct WA DO Tis clei celelectete ce cte'e 84% 
Maintenance laboreeccccccce 16% 


The direct labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
MECHANIC. cece sce selec cclcc es 42.9% 17.99 
Conveyor Operator. eeceeoes 30.2% 14.89 
MG DOLTE ST «ieee ote cere 6 elccete.s 26 9% 13.26 


The average wage for labor is $15.78 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Costs (Yg) = 0.0009 (x)1-202 


The supply curve consists of 1004 electric power. 


(E) Equipment Operating Costs (Yp) = 0.990(x)0-613 


The equipment operating cost consists of 94% for repair and maintenance parts 
and 64 for lubrication. 


ADJUSTMENT FACTORS 


Secondary Mineral Recovery Operating costs for the recovery of secondary minerals 
are not included in this section. If such operations are considered, appropri- 
ate adjustments should be made to the cost curves. 


Shift factor Planned use of off-loading equipment is considered to occur intermit- 
tently throughout the 24-h work day as concentrates in adequate quantities are 
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made available from the mill for transportation to the storage bins. If the 
operations occur for periods of time 110% greater than or 70% less than 9 h/d, 
suitable adjustments must be made to the cost curves. 


COST, dollars per day 
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100 
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9.1. INFRASTRUCTURE--OPERATING COSTS 
9.1.3. LOADING FACILITIES 


9.1.3.2. OFF-LOADING FACILITIES 


The total cost is the sum of the three separate cost curves (labor, supplies, and 
equipment operation) having on a production rate (X), in metric tons of ore off- 
loaded and stored in bins for use by the mill per day. The curves are valid for 
operations between 800 and 12,000 mtpd, operating two shifts per day. 


BASE CURVES 


(L) Labor Operating Costs (Yj) = 241.612(x)9-161 


The operating labor costs are distributed as follows: 


Direct Ta DO Tec cleseteloreroletevcievete 57% 
Maintenance laboreeceecccecce 43% 


The direct labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
MechaniC..cccccsccccsescsscs 42.9% $17.99 
Conveyor Operatore ceeccccece 30.24 14.89 
LabDOre@ Ts se oso s/cle.s.cye.cje.niseleusie 26. 9% 13.26 


The average wage for labor is $15.38 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Costs (Ys) = 0.004(x)1-021 
The supply curve consists of 100% electric power. 


(E) Equipment Operating Costs (Yg) = 7.373(x)0-475 


The equipment operating cost consists of 94% for repair and maintenance parts 
and 6% for lubrication. 


ADJUSTMENT FACTORS 


Variable shift rate If the off-loading facility is to be operated one shift per 
day, multiply the daily off-loading rate by two; calculate the operating costs 
from the base curves using the adjusted rate, then decrease the calculated cost 
by 50% to arrive at the adjusted cost. If the facility is operating three 
shifts per day, multiply the daily off-loading rate by 0.67; calculate the op- 
erating costs from the base curves using the adjusted off-loading rate, then 
increase the calculated cost by 504 to arrive at the adjusted cost. 
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9.1. INFRASTRUCTURE--OPERATING COSTS 
9.1.4. TRANSPORTATION 


9.1.4.1. AERIAL TRAMWAY 


The operating cost curves for aerial tramways cover the cost for tramming ore or 
waste material. The base curves are based on an aerial tramway of 3.0 km in length 
with a slope of 15°. The bulk density of trammed material is 1442.5 kg/m3 

(92.0 1b/ft3). ‘The total cost is the sum of the three separate cost curves 

(labor, supplies and equipment operation) based on a production rate (X), in metric 
tons of material transported per day. The curves are valid for operations between 
2,040 and 13,800 mtpd, operating three shifts per day. 


BASE CURVES 


(L) Labor Operating Cost (Y;) = 439.940(x)0-121 
The operating labor costs are distributed as follows: 


Direct Laboress sss oe eae eae 654 
Maintenance labOrececcccccce 354 


The direct labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
Tram Operator. oseecss tees ss 504 $16.78 
Tram Helper. cceccscccccccce 41% 13.66 
Tram Laborers .sscccccocsvce 9% 11.68 


The average wage for labor is $15.11 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 1.815(x)0-451 
The supply curve consists of 1004 electric power. 


(E) Equipment Operating Cost (Ypje= 68.358 (x) 9-381 


The equipment operating cost consists of 99.4% for repair parts and materials 

and 0.64 for lubrication. The curve includes allowance for repairs on motors, 
feeder conveyor, hoppers, scales, bin, tram cars, ropes, maintenance of auto- 

matic loading and unloading systems and all other pieces of equipment directly 
associated with the aerial tramways. 


ADJUSTMENT FACTORS 


Aerial Tramway Length Factor The base curve is calculated for a tramway 3 km in 
Slope length. To adjust the base curve for a different aerial tramway slope 
length, multiply the costs obtained from the base curves by the following 
factors: 
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Labor factor (Fy) = 0.113(L)+0. 660 
Supply factor (Fg) = 0.157(L)+0.528 


Equipment operation factor (Fp) = 0.226(L)+0.321 
where: 
L = slope length, in kilometers. 


Bulk Density Factor The base curve was based on a material trammed bulk density of 
1,442.5 kg/m> (92.0 1b/ft3). To adjust the base curve for a different ma- 
terial bulk density, multiply the costs obtained from the equipment operation 
curve by the following factor: 


Equipment operation factor (FR) = 0.00003(D)+0.957 
where D = density, in kilograms per cubic meter. 
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9.1. INFRASTRUCTURE--OPERATING COSTS 
9.1.4. TRANSPORTATION 


9.1.4.3. LONG-DISTANCE BARGE HAULAGE 


Shipping large tonnage commodities by barge can be an effective method of transpor- 
tation if access points are available and high speed is not important. It is even 
possible to ship mineral materials a short distance by rail and then transfer the 
material to barge and still save money over rail haulage alone. 


With the deregulation of the barge industry, there has been an increase in competi- 
tion and a decrease in the number of operators. Those companies still operating 
have found themselves overequipped for the amount of material that is presently 
being hauled. 


As of January, 1984, typical costs for transportation of bulk cargoes have been be- 
tween $0.0027 and $0.0030/mt km, with the average cost being: near $0.0028/mt km. 
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9.1. INFRASTRUCTURE--OPERATING COSTS 
9.1.4. TRANSPORTATION 
9.1.4.4. LONG-DISTANCE RAIL HAULAGE 
The following tabulation gives the average cost, in cents per metric ton-kilometer, 
for shipping mineral materials from the Mountain-Pacific territorial area (includ- 
ing Denver, CO) to any of the five territorial areas within the continental United 
States. This information is valid as of January, 1984. 

AVERAGE SHIPPING COSTS FOR MINERAL MATERIALS, cents per metric ton-kilometer 

Material shipped from Area destination 

Mountain-Pacific area Mountain-| Western] South- | Southern | Officia U.S. 

Pacific western average 

Metallic OTCSececeeeceeceeveeeee 2.03 1.04° 2.87° NA NA 2.33 
Iron concentrateSeccccccccccce NA NA NA 1.47 





Copper precipitates. .cccccceee NA 3.01 
Bauxite) Ores 4. 6 «cls ele clerele.e ese ae NA 2.67 
Alumina Galcinec.ccsciscscece cs 2-66 
Nonmetallic minerals!......... 2-68 
Crushed StonGeccccccccccccccses 4.11 
Sand or grav@lececcccccccccses 2-74 
Industrial?) sand ssess cies cs se ects 2.54 
Refractorles. cscccceccsccessve 1.85 
Clay minerals. cceccccccccccces 2.37 
Fertilizer minerals. .c.ccccocece 2-09 
Borate, CrudG@scic cs cc cts cise ¢ eesie 2.67 
Stirs se css cise 0 eae ef cloe ele 6 eieieis 2-34 
Gypsum Crude cc vist scvelclete eis eteiee 3.30 
Diatomaceous earthecccceccccee 2.22 
Nonmetallic minerals n.e.c.2.. 1.63 
COa'L csc wees c'ctee esleteo etarcts sas crate 1.26 


“Estimated. NA Not available. 

1Most nonmetallic ores, except fuels. 

2Includes agate, crude chalk, lithium, earth or soil, coral, rubidium, graphite, 
sericite, nepheline syenite, shale, well drilling cores, crude topaz, vermiculite- 
unexpanded, slag, perlite, cornwall, crystal quartz rock, quartzite, silaceous flux- 
ing ore, silica rock, and zeolites. 


Source: 1983 Carload Waybill Sample data collected by Dep. of Transportation, Federal 
Federal Railroad Administration, Office of Conrail. 
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Costs for shipping certain mineral materials from the Mountain-Pacific area to 
other areas may be not available for two reasons; first, shipments of these mater- 
ials have dropped dramatically during the last 10 yr, making evaluation of costs 
impossible. Second, certain mineral materials are typically not shipped between 
two areas. For example, copper precipitates traditionally are never shipped out of 
the Mountain-Pacific area. 


To determine the total cost of transporting a specific mineral material, first se- 
lect the appropriate cost from the tabulation, then multiply that value by the dis- 
tance in kilometers the material is to be shipped, and also by the metric tonnage 
to be shipped. Finally, divide the answer by 100 to get a value in dollars. 


Example: ‘The cost for shipping 100,000 mt of fertilizer minerals from Denver, CO, 
to a point in the Southern Area, 2,500 km, away is: 


[ (2.05¢/mt *km)x(100, 000mt )x(2,500km)/(100¢/$) = $5,125,000. 


To estimate the cost for shipping mineral materials from one point to another, ir- 
respective of territorial zones, use the following equation: 


Y = [15.359(D)-9-275] /100 
where D = distance the material is to be shipped, in kilometers, 
and Y = cost, in cents per metric ton kilometer. 


The resultant answer must be multiplied by the tonnage and the distance it is 
to be hauled to get a total cost in dollars. 


The following map shows the boundaries for the different territorial areas. 





541 
9.1. INFRASTRUCTURE--OPERATING COSTS 
9.1.4. TRANSPORTATION 


9.1.4.5. LONG DISTANCE SURFACE CONVEYOR 


These curves cover the cost of transporting material from the mine via a single- 
flight conveyor belt reinforced with high-strength steel and cover a capacity range 
of 15,000 to 150,000 mtpd. The material is conveyed up a 10° slope for a dis- 
tance of 1 km. The conveyor availability is 94%. Usually, the material is crushed 
or screened at the mine site before being conveyed. Screen and crusher costs are 
not included in this cost but are covered in separate sections. 


The total cost is the sum of three separate cost curves (labor, supplies, and e- 
quipment operation) based on a production rate (X), in metric tons material trans- 
ported per day. The curves are valid for operations between 15,000 and 150,000 
mtpd, operating three shifts per day. The curves include all daily operating and 
maintenance costs associated with the conveyor operation. 


BASE CURVE 


(L) Labor Operating Cost (Yas 7429 (x)0-464 
The operating labor costs are distributed as follows: 


Small Large 
(15) to (50,000 to 
50,000 mtpd) 150,000 mtpd) 
Da PECL ADOT sis « siecle s 0.6 ateteie 71% 47% 
Maintenance labor..eccccece 29% 53% 


The direct labor costs consist of the following typical range of personnel: 


Small Large Average salary 
(15 to (50,000 to per hour 
50,000 mtpd) 150,000 mtpd) (base rate) 
Operatorecccccccccccccvecs 64% 544 16.25 
Assistant operator. .ecceee 364 464 13.97 


The average wage for labor'is $15.32 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 0.068 (x) 09-933 
The supply cost consists of 100% electric power. 


(E) Equipment Operating Cost (Yj) = 2.226 (x)9-358 


The equipment operating cost consists of 95% for repair parts and 5% for lubri- 
cation for the idlers and mechanical parts. 
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ADJUSTMENT FACTORS 


Length and Slope Factor To determine costs for varying conveyor lengths and slopes, 
multiply the costs obtained from the curves by the following factors: 


Labor factor (Fy) = 0.815+0.190(L) 
Supply factor (Fg) = [0-208+0.0794(S)][ (L/1) ] 


Equipment operation factor (Fp) = L/1 
where L = length of conveyor, in kilometers, 
and 5S = slope of conveyor, in degrees (S is between 0° and 159). 


The cost for a decline conveyor is equal to that for a horizontal conveyor 
(0° slope). 


COST, dollars per day 
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9.1. INFRASTRUCTURE--OPERATING COSTS 
9.1.4. TRANSPORTATION 


The trucking industry has undergone intensive change since its recent deregulation. 
Truck transportation of mineral materials has shifted predominantly away from the 
class rate system to the bulk commodity method. This has corresponded with a de- 
crease in the number of carriers and an increase in competition. Each carrier now 
determines his own rate and tariff schedules. 


Truck transportation costs as shown here cover the transportation of mineral mater- 
ials by 23 mt rear-dump trucks. The area covered includes the western contiguous 
United States. 

BASE CURVE 
The base curve determines costs for the transportaion of each metric ton of mineral 
materials via county and State-maintained roads with less than or equal to 34 
grades. The curves are based on the one way distance (X), in kilometers the mater- 
ial is hauled. The curves are valid for operations between 20 and 200 km. 


(T) Truck transportation (Yq 9%-3% GRADE) = 0+227(x)9- 715 


Costs determined using this curve must be multiplied by the total tonnage to be 
hauled to obtain the final cost. 


When the average grade of road is greater than 3%, but less than 64, a tariff 
factor is included with the base curve equation. 


(T) Truck transportation (Yq 37-6% GRADE) = 0-180(x)9-909 


Costs determined using this curve must be multiplied by the total tonnage to be 
hauled to obtain the final cost. 


When the average road grade is equal to or greater than 64, a different tariff 
factor will have to be included with the base curve equation, modifying it to: 


(T) Truck transportation (Yr 46% GRADE) = 0-179(x)9-963 


Costs determined using this curve must be multiplied by the total tonnage to be 
hauled to obtain the final cost. 


ADJUSTMENT FACTORS 
Long Term Contract The final values arrived at through multiplying the tonnage by 
any of the three curves can be reduced by 10% to 20% if long term hauling con- 


tracts are to be used. 


Tonnage If trucks with carrying capacities greater or less than 23 mt are used, the 
cost per metric ton should be modified accordingly. 


COST, dollars per metric ton 
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9.1. INFRASTRUCTURE--OPERATING COSTS 
9.1.4. TRANSPORTATION 


9.1.4.7. MARINE TERMINAL 


Costs derived from these curves apply to the operation of a deep-water, export, 
bulk ore marine terminal. Operation cost does not reflect actual terminal charges, 
but actual costs for railcar or barge receiving, open storage (approximately 10% of 
the annual throughput), reclaiming, and shiploading. 


The total cost is the sum of the three separate cost curves (labor, supplies and e- 
quipment operation) based on the terminal facility capacity (X), in millions of 
metric tons of material per year. The curves are valid for capacities between 0.9 
and 16 million mt/yr, operating three shifts per day. 


BASE CURVES 


(L) Labor Operating Cost (Yz,) = 161.474(x)1-558 
The operating labor costs are distributed as follows: 


Direct TaADOT s ete ob estelete co 6s e's 60% 
Maintenance laboOrecececccece 40% 


The average wage for labor is $15.78 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Ys) = 4.792(x)2-301 
The supply curve consists of electric power and fuel. 


(E) Equipment Operating Cost (Yp) = 178.148 (x)1-195 


The equipment operating cost consists of maintenance repair parts and materials. 
ADJUSTMENT FACTORS 


Density (Loose) Factor Lightweight commodities occupy more space and thus require 
larger handling equipment than more dense commodities. Therefore, an adjust- 
ment is required to lower the capital cost for a terminal designed to handle 
more dense (higher loose density) commodities and to increase the capital cost 
of a terminal designed to handle commodities of less loose density. To adjust 
the base curve for differences in weight per unit volume, multiply the costs 
obtained from the curves by the following factor: 


Density factor (Yp) = 3.418(D)~0-167 
where D = loose density, in kilograms per cubic meter. 


See table A-2 for loose densities. 
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9.1. INFRASTRUCTURE--OPERATING COSTS 
9.1.4. TRANSPORTATION 


9.1.4.8. SLURRY PIPELINE 


The operating cost curves for slurry pipeline cover the cost of transporting a 
slurry. The base curves are based on a slurry pipeline of 10 km in length with a 
lift of 150 m pumping solids at specific gravity of 4.3. The total cost is the sum 
of the three separate cost curves (labor, supplies, and equipment operation) at an 
adjusted feed rate (X), in metric tons material transported per day. The curves 
are valid for operations between 900 and 32,000 mtpd, operating three shifts per 
day. 


BASE CURVE 


(L) Labor Operating Cost (Y,) = 13.940(x)0+445 
The operating labor costs are distributed as follows: 


Direct RADOLE <.0ks alels cfelatcles ole 312% 
Maintenance laborececcecccces 69% 


The direct labor costs consist of the following typical range of personnel: 


Av salary 
per hour 
(base rate) 
Control Room Operator... 64% $17.23 
Mill LtOpe Tra LOT siele.cniele)atetoielesele 49% 16.78 
Mill Helpere.ccsceccccccses 154 13.66 
Mi 11 Labor€ recs s\clsls evie'o'e 0.0 0 30% 11.68 


The average wage for labor is $15.11 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Y¥o)i= 4.259 (x)9-676 
The supply cost consists of 89% electric power and 114% lime. 


(E) Equipment Operating Cost (YR) = 3.652(x) 0-458 
The equipment operating cost consist of 100% for repair parts and materials. 


ADJUSTMENT FACTORS 


Shift Factor The base curve is based on a three-shift-per-day operation. To adjust 
for a different number of shifts, calculate the shift factor by dividing the 
base number of shifts (three) by the actual number of shifts. 


Slurry Pipeline Length The base curve was calculated for a slurry pipeline of 10 km 
in length. To adjust for different slurry pipeline lengths, multiply the base 
curves by the following factors: 
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Labor factor (Fy) = 0.0026(P)+0.974 
Supply factor (Fg) = 0.0172(P)+0.828 


Equipment operation factor (FR) = 0.011(P)+0.890 
where P = pipeline length, in kilometers. 


Slurry Pipeline Lift Factor The base curve was calculated for a slurry pipeline 
with a lift of 150 m. To adjust for different slurry pipeline lifts, multiply 
the base curves by the following factors: 


Supply factor (Fs) = 0.00163(L)+0.755 


Equipment operation factor (Fr) = 0.00104(L)+0.844 
where L = lift, in meters. 


Specific Gravity Factor The base curve was calculated for a slurry pipeline pumping 
solids with a specific gravity of 4.3. To adjust the base curve for a differ- 
ent specific gravity, multiply the base curves by the following factors: 

Supply factor (Fs) = 0.0681(S)+0.707 


Equipment operation factor (Fg) = 0.074(S)+0.683 
where S = specific gravity of the solids. 
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9.1. INFRASTRUCTURE--OPERATING COSTS 


9.1.5. TOWNSITE-CAMPSITE 


CAMPSITE 


Where conditions such as remote location or seasonal operation require a single- 
status campsite (i.e., room, board, and recreation facility), the daily operating 
cost should be derived from the following base cost curve. Today a caterer is usu- 
ally employed to provide board, housekeeping, and recreation supervision. Heat, 
lights, garbage disposal, and plant maintenance are usually provided by the owner. 


BASE CURVE 
The total cost is derived from the supply curve based on the total number of per- 
sons who occupy the campsite (X). The curve is valid for campsites occupied by 20 


to 1,000 persons. All persons recieve both room and board. 


(S) Supply Operating Cost (Yg) = 37.143 (x) 9-897 


Small Large 
(20 to (450 to 
450 persons) 1,000 persons) 
BOaTU cc cipsisis cise clalele ss clcte's c'alsiele 61.54 59.04 
Housekeeping and recreation... 23.9% 23.04% 
HEAC es wcccnccccscccsasscesssaws 6.4% 9.04% 
ELSE « sweets a cle sities aie sislete visig wis 2.4% 3.4% 
Main Lenance s e.c.sis:< sie.cie 010.66 sete’ 6 5-84 5.64 


If the number of persons requiring board varies from the number of persons requir- 
ing room, use the following equation: 


(S) Supply Operating Cost (Ys) = [37-143(x)9+897][0.60(B/R)+0.40(R) ] 
where B = number of persons requiring board only, 

and R = number of persons requiring room only. 

These curves are based on a caterer who provides all necessary personnel for food 
service, housekeeping, distribution and collection of mail, monitoring recreation, 
etc., and all necessary supplies, such as pots, pans, dishes, silverware, sheets, 
pillow cases, blankets, waste cans, recreation supplies, janitorial supplies, food, 
etc. The evaluator must add the cost for local, state, or federal taxes where re- 
quired. 


ADJUSTMENT FACTORS 


OQwner-Operator Factor When the facility is owner-operated rather than catered, mul- 
tiply the cost obtained from the curve by the following factor: 


Owner-operator factor (Fo) = 0.93 
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Diesel Power Factor When the electric power is provided by a diesel-electric system 
rather than a power line grid, multiply the cost obtained from the curve by the 
following factor: 


Diesel power factor (Fp) = 1.04 


TRAILER COURT 


Where conditions such as remote location or lack of available housing require in- 
stallation of a family trailer court complete with utilities, laundromat, recrea- 
tion facilities, blacktop driveway, and possibly swimming pool, the daily operating 
cost should be derived from the following two curves. The total cost is derived 
from the supply curve, based on the total number of trailer spaces, (X), required. 
The curve is valid for trailer courts with 20 to 1,000 units. 


BASE CURVE 


The curves are based on trailer and facility maintenance, insurance, casualty 
insurance, supervisory and worker wages, plus overhead, heat, and lights. 


(S) Supply Operating Cost (Yg prep) = 49-514(x)9-590 
Company—-owned mobile homes, spaces, and facilities where the trailers and 
Spaces are free to supervisors and workers. The company pays all operating 
costs on the facility. 


(S) Supply Operating Cost (Ys penreEp) = 1,676.049 (x)7~0- /16 
Company-owned mobile homes, spaces, and facilities where the trailers and 
Spaces are rented to supervisors and workers. The company pays for any loss on 
the facility. 
ADJUSTMENT FACTORS 


Swimming Pool Factor When the trailer court does not provide a swimming pool, mul- 
tiply the curve (Ys prep) by the following factor: 


Swimming pool factor (Fp prep) = 0.82 
When the spaces and trailers are rented and the trailer court has 52 or more 
units it will show a profit. If there are less than 52 units multiply the 
curve (Ys renrep) by the following factor: 

Swimming pool factor (Fp prnrrp) = 0-05 


Trailer Space Rental Factor When the occupants rent trailer space for their own 
trailers, multiply the curve (Yz> FREE) by the following factor: 


Trailer space rental factor (Fp FREE) = 0-36 
PERMANENT HOUSING 


Company totally owned and operated townsites are decreasing in number because of 
their high cost and persistent social problems. The trend seem to be toward small 
family housing facilities combined with an existing nearby city. 
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Large townsite permanent housing 
Today, the military appears to be the greatest user of this type of facility. 
The Air Force provides housing to its officers and enlisted personnel. The 
Government pays for housing and facility maintenance, all utilities, supervis- 
or, and worker labor, etc. The average operating costs for 1983 were: 


McCord Air Base--993 units $6.66 per day per unit 
Fairchild Air Base--1,580 units $6.93 per day per unit 


Small townsite permanent housing 
These facilities are generally rented to their occupants at a modest fee with 
the company paying for the general maintenance, insurance, and taxes. Rent is 
applied to the capital investment. A new housing facility (175 family units) 
in the western United States, cost the company $0.98 per day per unit to main- 
tain. 


BASE CURVE 


The total cost is derived from the supply curve based on the total number of hous- 
ing units, (X), required. The curve is valid for 140 to 1,900 housing units. 


(S) Supply Operating Cost (Yg) = 0.008(x)9-948 
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Infrastructure—Operating Costs 
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Infrastructure—Operating Costs 
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9.1. INFRASTRUCTURE--OPERATING COSTS 
9.1.6. WASTEWATER TREATMENT 


9.1.6.1. CLARIFICATION 


This operation is a solids-contact clarifier used for water clarification by pre- 
cipitation and/or coagulation. This cost curve is intended to remove suspended 
solids formed after final neutralization of out-of-pipe effluent. The curves in- 
clude all principal costs associated with the operation of the unit. It does not 
include costs for sludge removal. The unit can selectively or simultaneously re- 
move turbidity, color, organic matter, manganese, iron, alkalinity, taste, and odor. 


The total cost is the sum of three separate cost curves (labor, supplies, and e- 
quipment operation) based on a tank diameter (X), in meters. The curves are valid 
for tank diameters between 2.7 to 46.0 m (cross-sectional area ranging from 5.72 to 
1,661 m2), operating three shifts per day. Costs are based on an overflow rate 

of 0.377 (L/s)/m2. 


BASE CURVES 


(L) Labor Operating Cost On) 38.931(x)0-119 
The operating labor costs are distributed as follows: 


Direct AID O Wevereisie atelecete ete eters 1004 
Maintenance. labor. ...cceece 0% 


The labor costs consist of the following typical range of personnel: 


Small Large 
Dia Dia Av salary 
C5. 72,to (75 to per hour 
75 meters) 1,661 meters) (base rate) 
TADOTE cscs ess ee es ee ces sles 60% 542 $13.66 
EADOLALOT Ys co sce cesses o sire 402 46% 15.89 


The average labor cost per worker-hour is $14.43 (including burden and average 
shift differential). 


(S) Supply Operating Cost (Yg) = 1.083(x)0-633 
The supply curve consists of electric power and maintenance supplies. 


Small Large 
Dia Dia 
(5.72.6 (75 to 
75 meters) 1,661 meters) 
BIGGCLLC ss cls wists Cs 6 a6 wie a 09.6 604 342 
Maintenance sss: kveseuees 06 40% 664 


(E) Equipment Operating Cost (Yeu 0.505(x)1-064 


The equipment operating cost consists of 100% for repair parts and covers the 
daily operation cost for all clarification equipment. 
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ADJUSTMENT FACTORS 
Flocculant Factor Normally, additional flocculants are not needed in the mine waste 
water treatment after neutralization. However, if polymers are needed or used, 


add the following factor to the supply cost obtained from the curve: 


Supply factor (Fg) = 0.334(D)1-812 
where D = clarifier tank diameter, in meters. 


The polymer is based on a standard dosage of 1.5 mg/L influent and an average 
polymer cost of $2.10/1b. 


COST, dollars per day 
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9.1. INFRASTRUCTURE--OPERATING COSTS 
9.1.6. WASTE WATER TREATMENT 


9.1.6.2. NEUTRALIZATION 


The Environmental Protection Agency's publication EPA-600/2-82-00/d "“Treatability 

Manual, Vol. IV, Cost Estimating,” April 1983, was the source of cost development. 

One is referred to this manual if further detail in neutralization costs is needed. 
Additionally, other waste water treatment methods are costed in this EPA manual. 


The operating cost curves are used when neutralization of waste water effluent (out- 
of-pipe) is required. The basic design variable is waste water flow. It is as- 
sumed that flow equalization is provided by a tailings pond. The costs apply to 
the neutralization of either acidic or basic waste water streams originating from 
mine, mill, or combined mine and mill after it flows out-of-pipe from the central 
impoundment pond. In most mining operations further waste water treatment costs 
are not required. The system consists of chemical addition and two-stage neutra- 
lization tanks. It is assumed that pH and suspended-dissolved solid content of in- 
fluent to the system will be unknown at this level of costing. Basis of design 
uses a standard dosage of 100 mg/L lime and 100 mg/L acid to achieve a pH of 7.0 
over a PH range of 6.5 to 8.0. 


BASE CURVES 


The total cost is the sum of three cost curves (labor, supplies, and equipment op- 
eration) based on the waste water flow rate (X), in liters of effluent to be treat- 
ed per second per day. The curves are valid for operations between 0.001 to 876 
L/s (22.8 gal/d to 20 million gal/d), operating three shifts per day. The curves 
include all costs associated with the operation of a neutralization system such as 
labor, lime, acid, power, service water, and laboratory expenses. 


(L) Labor Operating Costs (Yyz,) = 84.85(x)9-000 
The operating labor costs are distributed as follows: 


Direct La DOrs ctcletets'ac.clals sta ste 100% 
Maintenance laborecccecccee 0% 


The labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
TADOLET ce sic sic cicle.cs1e.e «ales 6's 89% $15.80 
TADOTS CO ate cctaic cle sto s eccaiote ¢ 112 15.80 


The average labor cost per worker-hour is $15.80 (including burden and average 
shift differential). 


24.13(x)0-950 


(S) Supply Operating Costs (Yg 9.001-8.76 L/s RATE) = 
= 21.282(x)9-997 


(Yg 8.76-876 L/s RATED 


(E) 
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The supply costs consists of electric power, water, and chemicals and lime in 
the following proportions: 


Small Large 

(0.001 to (8.76 to 

8.76 L/s) 876 L/s) 
Electric powerececcccccccece 3% 2% 
Waters ces cic cteuisiicc's sss ele 36 6 804% 89% 
Chemicals and lime......ee 17% 9% 


Equipment Operating Costs (YR Q.001-8.76 L/s RATE) = 8+44(x)9-099 


(YE 8.76-876 L/s RATE) = 1-801(x)9-563 


The equipment operating cost consists of 100% for repair parts and covers the 
daily operation cost for all neutralization equipment. 


COST, dollars per day 


Infrastructure—Operating Costs 


ene eel meen merce pn iS Te I RS ca re 
po Sopdet pee eed sa a ee 


100 ee 


ares Besaa ++ Faas sees 


si 
oO 


Ost Fars 





0.001 0.01 0.1 1 10 
FLOW RATE, liters effluent treated per second 


9.1.6.2.q Wastewater treatment 
NEUTRALIZATION 


100,000 


10,000 


1,000 


100 


COST, dollars per day 


Infrastructure—Operating Costs 





10 100 
FLOW RATE, liters effluent treated per day 


9.1.6.2.5 Wastewater treatment 
NEUTRALIZATION 


1,000 


563 


APPENDIX.—REFERENCE TABLES 


Table A-l - thickener applications 


De eee 
m2 ft pd application 


Alumina, Bayer process: 

Red mud monohydrate ore: 
Primary .ccccccccccccccccccce 
Secondary eccccccccccccccccce 
Other washing. -cccccccccccce 

Red mud trihydrate ore: 

Primary occccccccccccccccccce 
Washers. cccccccccccccscccece 
Hydrate, fine or seedeccccccccce 
ABDESEOS sc cccccccencesseutwceve ue cis 
Cement : 
Wet Process. cccccccccccccccccccs 
Kiln dust.ccoccvecscoececcceucpes 
Q@balt-nickel sulfides....ccccccee 
Qopper: 

CGNCeENtrate.cccccccccccccccccces 

TAiLAngS. ccccccccccccccccccccces 

(NHy,)2C03 leach residue...eceeee 

Cyanide slimes. .ccccccccccccccccce 
Flue dust, power plant.cccccccccce 
Heavy media ferrosilicon. ..cccccce 
Iron ore: 

Fine concentrate 
(6%90%, -325 mesh).cccccee 

Q@arse concentrate 
(45%765%, —325 mesh) .eccceee 

Tailings .ccccccccccccccccccccce 


Lpmatites at 2% feed are limited by overflow rate. 


0.2 - 2.0 
0.4 - 1.0 
0.5 -1.0 
0.5 ne 133 
Os27—1.0 

1.3 

1.3 


0.04- 0.08 


0.02- 0.05 
0.43 


Lead concentrates. ccccccccccccccccce 
Lime mud; 

Acetylene generatorececcccccccee 

Lime-Soda ProceSSeccccccccccccce 
Magnesium hydroxide: 

From S@a Wate Tececccccccccccccce 
Manganese : 

Leach residue. ccccccccccccccccce 

Sulfide precipitate. .ccccccccces 
Molybdenum: 

ConCentrateeccccccccccccccccccce 

Scavenger COnCentrate..ccocscece 

SulEidevececececcscccccacce ve wre 

SLIMESe co scccvccccevcecccesocecs 
Nickel : 

(NHy,) 7003 leach residue......ee- 

Acid leach residue..ccccccccccce 

Sulfide concentrate.ccccccccccce 
Pickle liquor and rinse water. .ceee. 
Potash slimess ss iccccccttebcccesonse 
Silver CONCeEntrate.ccccccccccccccces 
Tim COMCENtTrate. cccccccccccccccccece 
Uranium: 

Acid-—leached ore residue..ccccee 

Alkaline—leached ore residue.... 

Precipitate..ccccccccccccccccces 





66. 1 -10. 2 
20-5 -41.0 


10.2 -20.5 
41.0 -61.4 


1.0 -1.5 

0.5 
0.2 - 0.5 
10-1.5 


0.5 - 3.1 
0.8 
2.6 

3.6 - 5.1 

4.1 12.8 
1.3 
1.3 


0.2 - 1.0 

1.0 
5.1 12.8 
0.3 - 0.7 
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Table A-2 -— Loose density factors 


ele ab/s8fsestor.}1____somodity __] gle” | its 






BO rACrOr 












Commodity 
Phosphate .ceees Copper Orel... 0.96 
Coalecccccvcccce Iron Ore 
Bauxite. .cccece 302° Fes cesce 0.95 
Limestone..ececee SOA FES 6 « clete 0.93 
Dolomite. is ..4 60% Fe.ccoee 0.90 






GLrAMLEC ciclete oc olels 
1sul phides up to 10% Cu 


NOTE--To convert pounds per eubie foot (1b/ft3) Ee kilograms per cubic meter 
(kg/m3) multiply by 16.028 (1b/ft3 X 16.028 = kg/m). 


Table A-3. — Major slurry pipelines and their characteristics 


Length, Diam., | Velocity, | Pressure, Particle h 

ee ae 
73 200 2.1 NA 23 0.4 

3 2-70 






Material 


bauxite. cscsce 
beach sand..... 
COAL ss ccsevoreele'e's 















COPper CONC..e. 





520 

720 

gilsonite....e. 1,250 
gold tailings.. 3, 400 
gold quartz.... 2a) 50 2,200 
hematite..cccee 4.9 60 {18,930 
4.9 60 {18,930 

iron sands. ..e. 4.9 60 8,710 
Limestone..eee 2.70 60 3,100 
2-70 61 3,260 

2.70 60 2,350 

magnetite... 4.9 60 4, 390 
4.9 60 4,160 

4.9 60 6, 430 

4.9 60 4,160 

phosphate. .ece. 3.2 40 37,850 
0.3 65 7,950 






NA Not available 


BLM Library 

Denver Federal Center 
Bidg. 50, OC-521 

P.O. Box 25047 
Denver, CO 80225 


WU-S. GOVERNMENT PRINTING OFFICE: 1987-189-318/70069 
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